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ABSTRACT: 

PURPOSE: To form an electrode whose particle diameter 
density and size are 

controlled by a method wherein an amorphous silicon layer 
with surface natural 

oxide film removed is exposed in silane gas after heat 
treatment in vacuum or 
an inert gas. 

CONSTITUTION: A fixed oxide film 321, a polysilicon gate 
323 and an impurity 

region 322 are selectively formed on a P-type silicon 
substrate 320. Next, the 

natural oxide film on the surface of an amorphous electrode 
layer for storage 

formed on a thick insulating layer 340 is removed for 
purification so that the 
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amorphous silicon layer may be deposited by silane gas 
irradiation so as to 

form a storage electrode 350 of an amogrphous silicon by 
continuously anneal ing 

in an inert gas. Next, a dielectric film 360 is formed on 
respective 

electrodes 350 by heat treatment in nitrogen containing 
atmosphere. By the 

heat treatment at this time, the silicon electrodes 350 can 
be polycrystallized 

notably. Finally, a cell plate electrode layer 370 can be 
formed by 

phosphodoped polycrystalli zat ion or amorphous silicon. 
COPYRIGHT: (C) 1996, JPG 



01/31/2003, EAST Version: 1.03.0002 



(l9)n*H4*Hf/r (J P) (12) & ffl jfr & # (A) 



-306646 

(43)&HB ¥tf8^(1996)ll/122B 



(51)lntCL* 
H0 1L 21/285 

21/205 

27/04 

21/822 



3 0 1 



fi tm&*m 

H0 1L 21/285 3 0 1 Z 

C 

21/205 

27/10 3 7 1 

27/04 C 
W ft*fl0ft7 FD (£40 JO 



(20 mB*^ 


^HW- 284485 


(7DU18JA 


000004237 








B**SU*5££*t 


(22HBKB 


^ric7<f(I995)10^5H 




*3K«&E£5TB7#Hf 






(72)*W# 




(3l)«***.4HW 


t$B¥7 -72276 




Jfc«WiK^i£rB7#l^ B**5tl* 


(32)«5fcB 


¥7 (1996) 3/! 6 B 






(33)*5fclfcfe«B 


B* (JP) 


(72)5WI3 


*IW -IB 








#JW8BK2ETB7#1# B*S5H* 














(74)ttSA 


a* »» (*2«) 



(54) imHnzm *wmm<D&&i& 



(57) [^;] 

DRAM-^TFTW^M'iEffit-WV^WtCff 

[ J > 7 >V/x £ P F -TJ> & I, ^i*TK1t!£ 

^AnLTl^^# u B u n^ l J3>ii(I1 X 1 0-3 [Tor 

i*^ L X7--H -fmth Z t X\ Minis »j u y Jr.(- 

H n uW > 'J 3 > WjKlRifc£ £iriZtX\ WOfiWS 

AMcryft&xmzm^&zttfBimtKz. -h\ ** 
^Mnmv\>x'7-->wm-&ztx\ yva v<r> 




Opposition 



I 1 



O O0OOO OO OOqOOO O® O O 
OOOOOO0O OOqOOO© O OQ 
" - - - ^o@n gn O OQO@0 



P- doped aroorphouc-Si 





1 

Tm^ffl^^KOXr yrfc. .icox-f -yTfttiv 

5 ytfXKIy jdMbLi Z h-iW, 2 <OXr v 7t ZfttSZ 

[13*12] mM^^y^xcoifUim^l :«: 1 0 3 T 
o r r fclTC&S CI t £^5*i:-t*>!**fl 1 aitlWT-* 
fc&EcoS!ji;fr£. 

[ mm 3 ] IHttl'Afte' 'J n g > -xii t **« 
ltmm<\ ] Mi^2coxry:^*£/k££fttr;>!fx 

[ a1S*jg 5 ] m JSft 2 cox f y 7tfc£#ift1l:tttf x# 
Bflm+T-mlSSK £ Aiij!*»ai-*»4 cox f y rfc 5E£ 
•frtf-T t Sr«fat-tSIB*JB l~3<0^^flMHBIEco 
^*^ScoSKI*a„ 

[ 6 ] buIB?Ts4 cOX r y Tf*K . ISSTS4 cOXr 
»>!Ult5^5cOXr -/r$:*tc#0>I t S-fttSfc -fl. 

mm 4 a*<wi*iaBows Ait . 

[IS*17 ] 1)1/1^4 c0Xx-/Tf*lCg^#XX<iT 

y*-r^x^Hiiies«tB3|^i > ^6 coxt- y r t . 

^cOf*{C^HgE^tfe**XSP^ttiT'Buie««^ilI^ffl-t- 
5 ft 7 cOXr y T t £ ZizfttsZ 1 £ fttBfc -f 
4 M«cot^<*SliSco»i&*ffi„ 

[000 1] 

[ mnH-t £&»#»] f-^^IRcoSJiS* 
ifelCtS L , J^CDRAM (Dy nam i c RAM) ^» 
SRAM (Static R AM) <Wgf^(£Ai£lC|ll 

[0002] 

[ «*<ot«B ] jfiip, dra MatfMRIttcttv »-t 

BSBflbP* S ^X ? y 7 V * x ' < y ? tfffl l tlX 

[0 0 0 3] IA>U DRAMcO£.W£* 5 6 4 Mb i t 
^2 5 6Mb i t. fcJftArt&fcftv*, */HfiflHicM>H 
iii^coffiiS^fflvrc tw**ft»aso 

SiOz Si 3 N 4 coft)RffcBiVMi4 nm|¥J£T'*>*. 

[0004] ztiziKm ummm^^ 2721 

6 5 3 fit l»4. HftfifcH. I- PC VI) 



2) ttWHF-8-3 0664 6 

2 

(Low Pressure Cemical Vap 
orDeposition) t,Z}MZ>V 3 

[0005] Z<r>7V A V £«Sfc:Wfl-t£ ZtlzX*) 
WWdHfltWftttitf. «Btm«f** s X1ifc|6|±-4-«. 

[0006] l*>u ;coyu^xcew-r&iafl<i« 

10 ^SiJSagWCLAlSfi-CS^'. YVAs+tAX 

[0007] ^c0|«Slll2r«yi1.& JM&tfttM'F 530 

4 27 3^«tcie«SitTv>&. N^f»cu, 

*i- 4 # B H B fy 3 > mffi^iBtc 7 > #x 

(Si 2 He XfX) 5:»MLTiimffi»iL. 

vziywiTzmti&mzttmzit. ^jzi^w^y 

[0008] i<0*ffi-SrfflivMtf«K<0*HIS<iyi:i&- 

[000 9] JI^T', 1 9 92lpC0 TSo 1 i d St 
ate Devices a n d M a t e r i a 1 s j 
C04 2 2 fflCJi, 'Hemispherical G r 
a i n e d S i 1 i c <> n (KIT. "H SO- Si" 
t Bf ^ '• ) Formation on in situ 
Phosphorous Doped Amorph 
ousSi Using the Seeding 

30 Me t hod j tmix. yvA >crr*H xhxir&m 
mm-.iz i,Bf8xz & zttfimztix\>& . l^^o 

[0010] it, international K 
I eclron DeviccsMeet i ngi^)2 

5 9 % 1 A New Cylindrical 
40 Capacitor Using Hemispher 

ical GrainedSi (HSG-Si) f 
or 2 5 6Mb I) RAM s j tMLX . is*)V?ft 

^tmmztix^h. zcrxmizx*). 2 56Mb \ 

t> . ftB3¥ 5 3 0 4 2 7 3 *LT ^4 A" 

[0011] 

r )0 CtfJtS-frKtl, U >'«**^ >• 1 O 70 [ a t o m s ,-*<: 



3 

[00 1 2] ifc. IW^fi^MuKs-'JnyA^co 

kBrC'£&^i^7>^*l>4. 
[0013] *3£»JKi h# LfctfcM^<o5oS£||RM- 

X£*l» Lrry&Hk* B&t h Z b <r>X S & * *tt* 

[0014] ^fc*«Bjj^<fecoBW«i. > 'J yy««T5 

[ o o 1 5 ] s L>iz&tz*%iWcDmcr>8fmi. u yj&s 

#5 « 1 0 2 ° [a t oms/cm 3 ] SrjSx Jt#.S H fl> 

[00 16] £^£ifcfclh<9BWt«£<&3:4a*. 
^i$«cfVW XT1±iaWjr^¥ffl&^iE£*Pt£ v 'J 

n y iR?>mttffi tf* ft t, tytvza*). z <7)Bf&-n 

[0017] 

[ mm zffik-t i t#xvm ] «k s wmmn 

'J n > £WXli*iffitfX f \ , £ti v > 

TJii*5OT"f •sss i wxt ••/ rt . ;c7)x-r vrmzi, 

[ooi8] mc^mmm^m&h 

mi. Wi23S2<OX-r y rmz*mftts/fxxiimt 
tt#X IzmBMx. 5- 3 ^> L-?o|f&S 3 tf *SB 3 0>* 7 s - -y 

[ooio] zMzifc+ftwizx&mn-'mtemmv 
ws&.bm±. mum 2 -rmzimimxxwm 

[0020] 3 i JlW^ftSBfl 

AM«-t435 5 CO x-t ••/ -rSrSKfcifttr- k £t$&kt 
4. 

[0021] 3*,fcifc*ftflKJ*fcwmwiEi6id7> 

# 7 CO X r ••/ r fc £ ^.ifttr C b £ tfffi k 'f h ., 
[0022] 

[ft-w] wt. *m\<F>wmz'>\^x$m-z>. +*wi 



3) **!^f R-3 0 664 6 

4 

#«yxy^x (siiu #x> £#&ffy 'jny^iii 
tSSStfS k - JNMtv 'J ^ >cr>m9it$.m i Mz. hZb 

[0023] jgJRjftEfcfcL i-^y^X^HBJt 

•ti - k iz X *) . 'J 3 > ^WMty 'J a > !Lh 

£&&tl&. mi\ffiHz\Zf8.Rl%^ZbZ^o . * 

bZ. SlRtt.* J «^fc^o. IMJIK-r^MMt 
10 > 'J n > ® lb mmzis <jn> frtfL&l^rf^im&b 

[0024] ;co#^> u n> saawEii^^ta 
x 4mimmm*xr--jmm tfz^. mm<r> 

> ^l- -> a > 4 . Z c^Nu®> 'J ^ 

[0025] i<OfittSft8o&«-fl»lR3ii& t - #-Aff 
20 >'J3 >«*BSi v>f -> a > LX^& is*)OsM 

jtfz cm&iUfoiznm zn&fMz. +m xtf±$< 
tct. ztuzx*). ztoikmzm&mtfLSti&nx'b 

[0026] -h\ #JHJy 'J zi > <r>3ms.ik*tiiltz 

mz. mtLxfcikh^ •WHfcttJjr**** w'Wfc 

•J n >WW? i yv-> a> l fa tfctf>fc:#-.ffifr> 'J 

^*Hl^W-|-&#if H m> 'J n > ^ ZfiZtiMziiZ cn^ 
30 it^Wv>4 l ii* ? MiLV'„ 

[0027] -h\ m*W 5 304273 ^|K:£ 
®3ii-CV^J:3(C- > > y>#x£Ml,n> Un>± 

[0028] *'XS-fflV >t:W&. &imX'S i 

! ^Si3 ^<r>7yX'?ft\$L&1-x>><\H< l z>\:&.Zixh 
tzih. m.LtcMmft7vX9\4 t rtlSfVL. -fUc 
iOi- 'Jny^rs^^i^^iil,. L^'o-C. -fi 

40 *iBt«?ifi$ii4. Z<r>9yX9\m\m.Uzhi\^L 
*?-$-\ rfztbiz^ Mm.^mii^mz-4-imb^l . 
[00 29]-;/. y7>'*'Xiffl|V*^t:li, ?7 

xtrnMiiti'vy tfxszww •fcj&acJt'^/H.r o 

(c<(-», ^^flliiiJi. >- : 7>tfxtzGiti&>-Vzi>(r) 

m'rtWi^X'b&ztfrt*. js;»:tx';3y*HftiVL 

T ^ 4 7 7 X ^ J ft 4 )t . y>7> //X (Cjt^T ,t 0 

[ o o 3 o ] i*:. Hjagt-i±> > 7>tfx<n}it> { »ft 

r )0 Of^^L^ ^^ktlSW^'k^^^ixS. Lfc* { -> 



5 

9 sWI b ^ ZtftE 1 3rt rfztbiZ . > 7 > tfXlMtto -ft 
z l XB&Ztitz SiH 2 *>'# B Q B ff v >J 3 y£ti*>*X 
fc B* L/C #A3 *i* -I fc fc J: 9 #u B uS x 'J 3 >± 

[0031] *<0**{i, L J: ? I3MMI 
[0032] t&ib^ > M n > K^JWtfitiifiifcL 

[ 0 0 3 3 ] 2SiRtt£<£TS-<£6^X?£«£yffctf) 
WStoZhTbt. y'>7>tfx£m^rc%ftlzh. z 
-s [Tor r] JJlFt-Tifc. tL £*l 

ZtX\ m& I fc Sit: X"). ?yx? ovta** xmz 

[0034]^^. mnmytthtf. o >tmn ttz 
m/a. way _\ Az$m$\& m. 1 . ^fc*aiKnn a * 

tfhh . Z cr>},mt IX . 'J > K-7*JWti.- U 3 > £ 

Uz. 

1 0 0 3 5 ] £ t,tz, mm>- <)?> htnwfiifttt^r 
MmtztitUzmziz. &<rmmmmim>tf. r- 

[ 0 0 3 (> ] 

[ftw<7)'jafc^»«] act. *m£.'»*xtm&im 
ixmmzmfrt. 

[0037] l&l cn'MIHim) i-f. 
:? > <«K BcSfcj&fl^tPP.Srtt! L. ^ 1 ^^rffili- 1 0 0 

[ nm ] CHRftJRTISoJt. Z^mm \\Z >> H-r 
JMiH^'Jnj'KS-Ll'CVDaitJ:') 5 0 l.nm]f) 
WSTfcfltU:. ^OttRWii-^y^X (2 0%He 
ftfl?) fc»lV», ifcMlh.Wil [To r r ] . l*J*fflJ8i 



4) Viffi¥8- 3 06 64 6 

6 

5 10 ["CI <0£ttfc Lfc. 

[ 0 0 3 8 ] mz . i 'J 3 V_kC 'J y/7 7 

> ?lz H 7>f x y ^»a5r*tL . # u B uH> 'J 
--i>/<z9->z&tf<.itz. znmzTyir-r. 

/ '• 3 0 co^mmz 3 0 L X #iP H K> 'J n y>^9— 

y v.wtimmmmmtz. ztazi*). 
10 ens/ 'j 3 ymmmt > ') 3 > K-fus^fp^fc 

MJhSWtS. ^fc, HF(iv-yfMc* (Hyd 

rogen Fluoride) X'foh. 

[0039] mz. Z(WxJ\i:5 30 \T] CML 

^ISyf^LPCVD*r(c»AL7 , L% CcoH^i. Affiu- 

[0010]^, KJ£f-v>^^B£KSKU 1 > 1 

0-8 [To r r ] X'hh. Z<F>+\yfWX'*7x>\i8Jg. 

tm%:s-&$x'3 0ftmm\.tzmz. 50 isccm 

20 ( c c/m in)] cO^yytfX ( 2 0 f 'to 1 1 e4?if^) £ 

TfSiOfli)J : E./j$illSA';iyirfflV»T. 1 , 0. 1. 
0 . OK 0 • 0 0 1, 0 . 0 0 0 6 [ T o r r ] Ttf 

^tmitz. 

[ooii] &mmzii-rAr>^mz*m'x£ 1 o 

[ T o r r | (DBijj lZ tth X O tclkttX' 3 0 jitfnfiS. I 

A LfcHdiJi, 'J 3 > K(-r-£7)^i&v a yv-y 

[00 12] ZZX\ M2UtMtj)X'<ni>>)~-iy-&&. 
t^<nimMJ£tfn<ZtiX\^& . -^tel$r#R«1-^ t . 

ZZktfhfrh. Url. f¥M ; 3mi£itlXhfflm 

[0043]H3W.i, S50 ["CI fclfc^-CKflJlh 

Clil J: 0 - Jftft/L^*5 1 > 1 0 ' [ To r r I WT^S 

40 C, 6' 10 1 ITorrl X'OtiLfkZb 0 tifSWr itz 
«Aff 'J 3 > «W l-.C^Ay 'J ny^'o 0 
[nm] *>J?3T8KWfc*E-rs. -WKwttJMtS: 
tiffiLmmt ( R efle < t, i o n H i K 1' F. 
norg y K I « <: t. r o n D i f f r a <: t i o 
n ;WF. "RHFFIV hBf.iO *W^TJMLfc*S 
»*<p(|4 iZvZiVX \> >•& . ClWMtlHB I"* t - h 

izamm y u 3 > //Jt« 1, ^ t .. 

r >0 5„ 



7 

[ 0 0 4 4 ] itz. ft&cntzMzVyy > fjX (2 0% 
He#SO £JHlrVt6> 1 0 4 [Tor rl TV)|£&£ 

it. itz. ^m> > )nyntii^ff a >'Ja>mi) i m 

[0045] ( m 2 cn-mmm) arum^nv u 3 

^S . Himui . ^S> - 'J n > ortftSrifc L fcft 
L . Z <7)%9miz&ft LX PtlMl-t S C k iz 1 

ikm <r> i> v 3 > «g s & & hViCt) h . 

[0046] *H£"a»LfcHtefctt. > U 3> JS^-co 

JR*itfj&MK**«*BMfc$ *tS fc*>tc . v 'J 3 y urn 
ffiT'CO^ 'J 3 > JS^<0*Siv A 7\> -is g >«W1 Sil 

[0047] WT. *^ f dil^>^*^*^- fc £ 
Hit. ZZXU. Zr&mz>'>7>fiz£ft$M><} 

[0 04 8] fi*Hc>>5>>^'X!K!Jtt*^r~ 
—/I t IZ£ 5 H S G Si ffi&crmjltfitt \Z-r>\ >T j*< 

n vHSaMHfcLfci" ') n > ] tclfcfit L*r. y > H 
-TM\m> U 3>«J(i. > -7> 5 4 0 

[°C ] "CI - PC V Difc^J: 0 1 [ To r r ] -ClUfi L 

>*9--s?l-t:. Z<ntit. ry=t-T. iiHMb*** 

[0049] HSG-SiMCIiUHV-CVD ( U 
l t r a High V a c u u mC c m i c a I V 
a p o r Deposit ion)P(ANELVA 

n : she 6 1 2 ) zm^tz. ®.mit?—wr*y 

TZWAZtl. tm&%mt8. 5 > 10 10 [Tor 
r] (Citt&o jSfi^rWfcHMISJVCfcO. 

Sfcl'Jfl^ J: 0 mtm^t Mi>%k MMZtiX * » 
5. ^ffi££-frf&.lfc-C, *KtW^»»«-Cco^x 

-^*^><^MfiWtJ:0X-RlLTi»4. MSG Sig 

[0050] tJtKVjrk* 0 - V^yilxamm^ 
*fcr:--;iia«{iM ■■-■CAS. Vi^yfjx (loo 
% ) <n%MUM Wi v X :» n - n y hn~? * BJUT tf -> 



(5) tttH s F8-3 06 64 6 

8 

it. 

[005 1] ifc, VV7>tixmtTv*xkVcMc? 
ZtzMZ. > >) 3 > ^>mH?Jt5: flux d e n s i 
t y : 3 . 5 > 1 0 1 4 [atoms, cm ! -sec] 
COmX'b 0 5 [r ] T-3 OWm/ofcttCPKttfi* 
• tffofc. U 3>^i^!i[(c(i« ; rh'-Ax/N' 

x]s-?£wmtz. 

[0052] Ai'&mz. <) 3 > h^flBBJS 

10 «HtLfc*g*tcoViTi^5. 

[ o o 5 3 ] fel 5 (^Ji , 4Ul,ft > U 3 >±.izmztifz 

¥aW.yv 4 ><r>®%. (Graindensity)S 
IfW i > »TW ^(Average grain 
diameter) CDi?> 7> tfxmt«tf& ( S i 2 H 
6 irradiation time) <7)fttf?Vttf7fs 
2tlX^&. ZcomiXU. 59 0 [T] (CJSSL^ 
Jfe»>-'J3>'(^ 2 [ SCCM] <0>>-7V#X£BBJt 

20 [0054] Hira* *B8^& k . > > 5 > ffZcrfflSm 

frTJitr -s ; t tfhti'h . z<r)Ztfrt>. #D B n 
^^^ixS^k, $tz=J>7>#xmiiz£&tmi8. 

[0055] mz. >is7s axw/mv0Wji^x 

t . HSG-Si (7)-^ >f Xizhi *)k^s^k\ W&Mx 

%vMm s is>7>#xmtizftGtvmLX't>&frk'i 

30 ft>£»K&£tf>C, #JI.Si-U3>l(c> 'j3y^?-«i 
HSG - s i m^tr-^Jt. ffiMiSJK 6 0 5 

[r :] -c> 'j 3 >ft?m 3 ofwsfim-fc&fc-tcfc 

»WaLfcl!!tf)Aia^)£*ffl*T-a«*i (Scannig 

Electron Microscope; UTF. 
"SEM" kWM) iZX&^mmulZ'KZtVT^^, 

\4imm\i z> > - J 3 > fri mm * 6 o 5 [ x ] 

Tlr-.Tt^McJi, HSG S i ?)+M XAM*i-T'A 
[0056] -^-t-f i VB&L<r>m& 

h . -r^.-*)*, . '/> mmmmMzmztifzyik ',t 
mmw 7\rmz bulz ti?z& t ^t&m^wk z < 

WjihtzWzYvA y XtfW ■izK^tzkti t> 

[0057] ztixn. ^vtivmmvi^tzfy 
ft. mm^mzmfit-ryv A y+n xi^- ^ktchm 

W(i. VI- -7 y tixnmMWWlkXhhZ k tfbfi^ 
tz. ZZX\ VV7y/fxKmtzttZ'V'>fz)%ft<rm , & 

so 



9 

[0 0 583 LA»U XEHcJi. >'jn>SR8Hft- 
izr=--n <r>VM £ tc < -mmz *> x v \ £ aifrt S - fc 

ttT*=SrV\ fit. 600 [T] -Cyy7>#X£2 

o waKKt l fcat , i?i> -7 y/fzmtimitzvm 

X'5 3 0 Lrj #£/380 [XTJ JtBiBL . v> 
#xrcat£igfflrt 6 i i: 'Ctfx h T-- /I JWI 

[0059] znzmm. >'>y>*}x<rmM*.i> 2 
0 [sccm] Mfo. 5 [sccmJ nmszitm 

[0060] Z<KV> y>tfz<rfflMM.RVmi]m& 

[0061] mmimitz t . >>y> tfxwMzm 

%m\\i%\ >lit'?l A > *M X#>h£ < , 

CI #1*. 20 I SCCM ] <7.)>^^-> 

>-#X£Sl£ft» 380 [T.l txn&ltihOX' 
it. S I nm ] »HA**ttUWBK'#«:ir>. 
[00 6 2] i^iotc. xy7>-#x£i6BrLfc8W> 
;KX h T---/U*>'^rv *K8STfciUfc /Ci*>a 4 > 

(Wit. i-'i- 5 > jJUHHM+K 

[0063] P48fctt, y-/7>#»S 13 [ SC 

cm] T' 5 8 o i °c ] £*i£#jmi > 'i 3 > mtt 
[0064] nhs^bw* t , vtBMmt>±3&t 

(CIISG S i*!a»CM?hTKS:i* ! iiH. 
'^&1{;c7)^h s a s i A>'BK?ii&c:k*>'^A>S„ 

[0 0 65]C^HSG Si <7*h£&fHi> ! > y ViJ 
XcnKmmcnftMX'b 0 , X f ? * >• ■* /H£ii^%n 
t l«ltmc i^'i- v > #Xcofr&?T'4-j£ I- 7 >ii >l ( jftE 

^(c«cfr-»i-r.Sft±S5.&t/fflifli'C^ -&h sg -si*; 
[ 0 0 6 6 ] W KC(i-.'^"7 >tfxmfcXl4lF&1ti>- 

[0067]y'i =5 > #X£HH >XkWi&£'if'>K%rti 



6) ttHflrS- 3066-1 6 

1 0 

4. 

[0068] >'):i> frfa^MWty 'J n > .LfcHSM 
L ^Jft^tt. /I- 4 3 (M*jHt#£-f 4 . 

[0069] >'Jr7>^T«l5rffl^Tl»BtSL7t^tc 
[0070] L*^L. >i-y>tfzZm^XM'u®> 'J 

[007 1 ] zcrm&ZWhMz-fhtiMzi'Vn^ft 

h t-mmmm^ r l x mkt & . 

[0072] n&iti, 'j 3 > i/K<ntm$>immz.\t, 

20 fflt Ltz X o £ L P C V L fclMlH > 'J 3 > 

f ) 1 (»«) SiiTV^ifcJlA 

[007 3] CWf^c. y'j3y»f«l»^ll 
v > •^xga»ttH i ft 336BrtTifc Lfc. >'J3/ 

[0074] CcOB^)Tn-tXjajgfi6 00 [ °C] 

30 x-hhtdh. z<?>4mni/ , j3y$ffii~*mztvr-z> v 

^iltc^SJiftffi L 5rv >fc^i. f,it4 . *fc i - U a > ft 

[0075] — S:SR r Y. Suda, D . Lubb 
c n , T . Mottoka, andJ. E. Green 
e. J. Vac. Sci. Technol. B, vo 
1 . 7. No. 5 (1989) i Wi. yy7/#Xt 
iiy'Jn >-«0fflfiB*fe'C{i . *t« I tc> 'J 3 > ^iififtc 
40 f<t£tl*m<r>f!ltetf~> 'J 3 y«tl«KSr«Si* I X^&Z 
t tfliiSLZ tiX^Z. Zcr)Ztl±iS~>y>#Xl l z X ') i$. 

fkitz>- >) 3 >m<7>9kmox> k (tSn-f ) » 

M,ny V 3 > MMzfftrtZ y')n / 'J > /-K 

[ o o 7 6 ] a \.<r>z t frti . y'in ycoft y-ttusw fc 

i'y7 y#Zft-mm%X'&i> t Z ?Ai. > y 

vijxwuzwb ^z^um^i&iimi^X'f- s 

r >0 t>Y h^Tl^it^Jh^t^X^Ll.. 



1 1 

[0 0 77] 09tte, (H i gh vacuu 

m) Atf**+ ( H2 ) x-r~-)iltz*&>yv AV<n 

[oo78] nm^mti t . **<fx+-pr--;i 

l£#iFufi>y:J>)&LT-<i. ^^yj£fi^«<I^ 
UX'ttz. ZOZtfrt>. kmtyvl >j£fifc£4?t 

I o o 7 9 ] ?v a >i8.mmts?>i±. wmm^^y 

ItztbX'JbhZtZm&ltz. ztil*), **rt r J&^ffi 
f)yij3>;K> h't?-S*4 hLJt^Wi, 

[0 080] itztf^x. mtiM&n&BifiiSi'-jyti 
i «jn>;K> Kt 5*4" h3*i6.rfca 5 fcjf J 

[ 0 0 8 1 ] 07 5r#HB-r-S k , >'> -7 > tfx^KBJJft 

fc36«*»A»S. #«t>F-BaM:«*-C*»4fr\ -fit. 
i y ytfzn&teltimS'l tiZt X\ >~>7> tfX<7) 

$ar > y 3 > $mx'<r>jmtf* o £ < &z o . K*ai 

#4cjre?-$*4 r£ft£> 'J 3>#i 0^<Sofj 
fc*t*iiittil!rt-S >- 'J n > KT******-!-. c«i 
') %m$ttf&Z ->tzi>cr>t%l htii . 
[0082] M£t 5 > #x**«t*£«H»Lfc* 
&£R$iii£ **E-f*<flf -3 =5: S CI k *>'£#; 

r S . M. Gates, S . K . Ku I karri i , A 
[.pi. Phys. Lett. 60 ( 1). 53(19 
92) i ££tt£*iTi^&. ifc»»L!tJ:^t. 
7 >#xti> 'J rj >numX'<r)frft!itf-Z>. zcntzth 
t. #JWT>- U n >±ttf>*8iRWtnyf$l££tT 3 d k 

[0083] J^,C, 5»-y3f4H ! «*!RHtt6AU :- C' 
#-fifl >■ <) 3 >-±(cfltt«U»(M L tzfyisiztt . ^iftffl 

(i. v 'j 3> ft m^m.om^tft mmmm 

tfi&^z k t«W IX t k «i6 . 
[008-1] -A\ ^7>*'XHBJt rv7-bX5-ffll,>^ 
d fc t i 9 . «fti-.(B^tf*» , )"C=5r-< MHti«j 

IBl^Srftfci't^i^^tRHKSil.T^iC: k k , i'i' 

£*>t *t x / ^ah-cem l * ijximmz 1 1 tttttia 

[ o o 8 s ] WFtttvv? y#xiitt£JfcL£ft'>r 



( 7 ) -306646 

1 2 

[ 0 0 8 6 ] ^7 > #XKH k k T# A 

StM (Transmission Electron 
Microscope ; fel h\ "TEM" fc«f^> 
S^M^l Ot^^iltl^,, ^Cfc. Pill (a) tifi 
{54 0 [ n m | <F>7V 4 >'«ffiB^ff. RH ( b ) U 
ftf?9 0 [ n m ] CO^W > WBriBj(7)^--r'J)& . 
[0087] mm (a) 5:#»(?-rSfc, f4f?A<40 [n 
10 m] fc'h3VUt&£ii. t«*<0*gffl*43& { #*S5'- | J^ 
VJtJzSk^X^h. -h\ (b) Sr^S-tSt. 9 

0 [nm]<0/M>l±. fJJUt^SrLTV^. /U-f 
>cO-^--f Xti 9 0 [ n m ] fi&Z X-fflS&LX ^tt, # 
Aft v- 'J 3 y t 5 0 r n m 1 gj£CA & d 
fc . 0 . /L- > + / A XiZ X it . tt#K 

[0088]dcO^U^f> Offlffl^NbBi' 'J 3 > 
'C-awi^ftBv 'J ^ > co^iSi t IS] 1 1 d ^ tfig L T n 

[0089] ddTtdl lCtt. ASR r A. Saka 

1 , H . O n o . K . Ishida, T. N i ino, 
ami T . Ta I, sum i , .I p n . J . A t> p I . 
Phys. Lett. . Vol. 30. No. 6A. 9 

4 i ( 1 9 9 1 ) j izii&ztixm. mmtmiZ fi 

30 tlh HSG-S i CO*3iW^M3aScO«B&l3d^T.$^L 

n> V ^vLcr>yv i ycv&fkj&m^Ztix v . 

[0090] HH**!RM-4 k . #-AW^9 3> lam 
orphous Si) cn&mzB&Ztlfzifc ( u n c 
lcus)l;, WiMn-yHyLTH^y'J-Jy 

K-f (si atom) mmzti&ztizxnx. X 

WX-7i< MiX l^&J; 3 t ^t -f yJMM'tS . '-'4 9 . 
HSG-S i m^'t't-CtetJOTJ,!, . -f- L X . 
MSG s ieWkntiWzitlKZtvtii'Vzyto. * 

[009 1 ] Him 10(a) 5r#K[^S b . 4 0 [ n 
ml <t,KWmftyi i >U. ?\>i ><r>RW40 

[ n m ] Fi*«»«-A5fiS*«t^-?<-»6<f*fC#.4. " 
h\ ( b) £#fK-f£k. /U4>* s AJ< : S.-&k 

hsg-s i ma^-Afii/ u :? vtaic ^i»],^* : i{'ii«? 

I 0 0 9 2 ] <JCt. -I<D/> H-r#,5^i.' 'J 3i 1.(7) 
HSG Si ffMt^v rcflta k ^6J|fi*««t«Wt 
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1 3 
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[ 0 0 9 3 ] iwi$ L -fc J; ') t . vKTifiyv A > 
dteillri£gH-&««* { iec & z t izk ottertt*«« 

ifcu, v4 /l, -v g >^sM^<o£Juae-c*>&. 

[0094] >IC0{i?^jfiS.^BHIt{^*Jti6(C, ^AK 
[00 9 5] ZMHl&imi 2t:;iiS#LTV»i. Hfe& 

u . >v7 joy* *«at l . r--A««** 530 

[°C] . 5 50 [V] „ 56 0 [TV] . 570 [XT] ft 

y-580 r°ci TiaK^fTo^isai^dii-cir^. 

[ 0 0 9 6 ] i >cr>¥4%. ( r ) nfttoiffiffl ( t ) 

<il/ 2T'*>0. n-4">#50 [nm] £jB*4*fc 
0 *>' 1 . ' 3 left -5 Cl t Whfri . 

[00 97] ZCT)~b\±. 11 SG Sitf9f$fl<2r) 
tfKftfflJM (/M>^ XififrZ \, * ) l~li r 2 # 1 1 

OMi -h <t 0 £WD\rt h z t I . r--;w^ra*« 

il<&& >-*MX#*;*V>) i r 2 #ttC|fcW 

-f * J; ') izmiiwi iz t S-SBfrtS . 
[00 98] $a-f>£HSrttttl/0»S> VayWL? 

d (2*r ( t) 3 /3Vo ) dt 
r 2 - 2ao V 0 ft ••• ( 2) 
4t&'Ri> V3> t use; s i tvmkLX^&t&ftn 

SA[nm] ( tttt£*l& > 'J 3 > -B(7-<r)«£h.atf 

x^f-t.Mfsatcflaiatf^^cE* (Flow 

rate) [at oms - mi n" 1 ■ nm ! l X'fo h . 
[0103] >'> :> > #X8B»£fflV ttztfr&iZ t, . N 1 
2£jj;3JvO>S 7V4 > f£ft^W!fflSR?'Cr2 # L l~ 

X^&{><r>k%lt>tl&. ZVZtli. Ml 0 (a) £ 
ttRt&w&fcU: W&zfvi ytf'mxhhzt 

[0 1 04] ftlC. Ml 2l:4^<ltl^/l'f>'+< 
**** [filter L X 1- ! UltW LXWm IX VK agCo 
# i 7o . C cOBfc7)t£&»f¥<0««&[3| API 1 4 le * $ 



^tf/M >^jBT'|sIl: t^fuf. TV 4 y¥f? 

( r ) a&gjn&miatmT 'j-rtctajirr-sti-f 

[0099] L*'L. r*Utit0ILTV^V^k^ 

10 it^LTmSB-r.&WC-**. 

[ 0 1 0 0 ] AfiK r A . S a k a i , T. Tatsum 
i, K. Ishida, J. Vac. Sci. Tech 
no I . A, Vo 1 . 11, No. 6 2 9 50(1 9 
93) it. I1SG S i<Olfcgl±>-»j3XE70>7V 

S . RXiCtCli. H S G - S i C7)fi^<?)jfjn*5 r 2 - a 

[Oioi] HSG- si co»«3Wttriet: . 7VA v 

20 <^m*^a«^U3> t^mrh^ommmx 3 

(Ci )tJ£*«S. ^O/U-f > t#AWi- 'J 3> fc*^ 
DG&Q(cMiG-t&. SB-TSt. HSG- S i (DfiMzib 

[0 102] 

2ir(t)ao f ■• ( 1 ) 
30* [ 0 1 0 5 ] ^cOr 2 tJt«L T >V4 XifimiK 

ix\*hmmt. T-->im.izm^-ryvA >va 

XA*J:f5 0 [nml »JBt^MMU*^>«3T»&. 
M10 (b) tTEM^iO. «»*«*&*rL-fc^W 
AyWTA X\±90 [ nm] ft.^^t'lff»DLTV>T t>. 
#u B u|T^ 'J 3 > i CO««^> 2 r • f± 5 0 [nmJBI 

[0 1 06] Zti<,Z.i*). 50 [ nml ZMthVAX 

X'<nf\sA >-W(Kfttcfov^r<i. #JMl>-y ayfc h s 
40 tifibfrl. ZWZtii. mti&lzm&Ztl&i' ')'i> 

z<nw&X'\i. yu Ayizmd^ 

tihy >) :i >m r-tf-%L*tTJhZ> t Zl Mil,. Itztf 
-.-c . i y<n&&\id^zfc^xWu-$-htZtL> 
ixh. 

[0107] 



d (4irr ( t) 3 / 3 Vo ) , d t 2wr* ao f ••• ( i ) 

^UO. A>r>r-C'. r* \£TWSTXz,<>)uyt.r\''(y<r)mk 

r : < -3ao Vo f r* 12 -(4) * r )0 SR^tfS^WlCi^S 2 5 [ n m ] Xhh . 
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1 5 

io i oh] i^cnztfrhyuj >(T>&i.&t))mir 2 

if f • t izim-ti x -) t,z*t$mzyi 4 •> -imjk l . 
ammz yi a yvi&R? 6Xo iz%{t ix^<zt 

[0109] ymVifreMlk'wyuA ><?)BV&toi 
Mmzl^ZhL(OX'U^\ Uc# : ->T. 7V4>&L& 
2) ( 4 ) WWtilt. TV A >-f4 Xtf 

50 [ nm] mx^izm^hhcntHityith. 
z<n'&mz^v>x\mx'mitt>, io 

[0110] tJLhco^J; 9 . TV 4 yt&ikiWMLX 
». >6<7)<V {^^iCttl&^ix-S. i- 9 '-i > JSffift-C** 
Zttfhfr-ytz. *ZX\ ZcrtmiX OiFSStifeKS 
#f ■ UZftMfhffimLfn tff • t 
iz&M-fhGMcriX'iX'f £rU-*AT\n-y b LtztH 

%mmmm\ 5iz,i<zii.x^&. 

[0111] ZtiXO, ~£2.<PX'T:--/l>)mifz%> 
y\- A > tzm&$tih > 'J u > JS^iSttfcx*^ 

Jft±)«^Ji9i^(i 1. 8[eV|?*ofc. ifc/H 
2. 4 leV I BJSfcSrofc. ZixX^). /VF-7* 

[oi 12] &c **»Misi4»t'r--/i»aLfcis 

*M19tc^?ti-CV^^„ 

[0 1 13] |fi|HSr#ra-rst. **8H5W«tt-- 
[0 1 H] if, y'i-7 / ^xugjit^*? rfcH*!ffc* 

*#A£#AU 10 [ To r r ] CO^S'&lfflSvt'Kfc 30 
UT580 fC] T3 0JHBKHH*:. f 
W^'t»-C'5 3 0 [°C] i-CRiBLfcfftt, 

[o 1 1 5] a*:. 530 m x-km^n-yti^ 

izii. |a|fflJtT'3 0 '/)^J**^BlS\KT'r--;PL, # 

[0 1 16] *R»l!BSTT--A'>Hltfcl*K»i. / 
I f y*HX<?Mmi) t EJ&&itt&£i>'>X\ l ^K Zcr> 

(i. TV 4 >-^£&^-*%4^fr^££lcfei.:£. 40 
4- < =5r -.T L i o fc .1 fc Sr&*1- & . 

[0 11 7] UK £rt^lcmi/r#ft't&. 

[o l l 8 1 MS^ 'J 3>iC^7> *'x«»ft;J; 

tm&summ. m^x-r--iv>mti z t tj: 

L-4 >#JB£3*u TV-f ( -1 ) fc 

fiGoT«i4fc?>TV -f >>'l£fct£Ci: 5:miOL 

[oi 19] ccr«±, ^a-j^yu-fi-jpttweft 
fmz h muz-) v >t h ., 

[0120] XA^mm l 2 i 0 . W -f i (CfftlftSix W 
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!> > 'J 3 > MTft f li . Tl< 4" viPm&<MIWfrt>7 

va >tfmmz$.mhtt.mz-$ibh t . 2 o<se«* 

b<%bzttft>i>>&. &tz. vizmit&lxhv 
V 3>Slf WvStt^x^t^rtfi£M*)Wtcti 1 . 8 

[ e V ] X-h->tzi\ yi-iy V&ftS&tih t 2 . 4 
| e V J IC^rot. 

[0121] Hh«; t*'^. *mk<r)?V4>&L&<r> 

mLtfm<?>?v>{>\8L9<Limz&?mLtx'\±. 

> it* > ■ U n > JS? L T i M miff'k-? 

tztztt). YV A > fcffi-ftSfiS y'J3> IK-^Hfcb^ 
ItzZt&frfrZ. 

[0122] tZ hX\ m 1 0 ( a ) #Ifl3d 10(b) 

[ n m ] cO/U >T'{i. 010 (a) J; 0HB^*»=5rJ: 
^b>f >JS|jfl^3 [ nm] nmWAsX'^ZtiVX' 
AS. LJt* { -?T. WWW 4 yrtfiftttilMrc 

EL |5| I 0 ( a ) 5:#K?-r ^ t . 'J 3 > 

»;f-«3 5 00 0 0ffif¥J!STJ)&. ^*U2. yv4>)R 
W.<mMZ\v\A,X-^& &ft<T)i< U 3 > m-f-Sfc I JO'- 

[0123] yv A ytmwz&&tt>w#cit 

&l 1 0 ( b ) ^#D3T& t . WknfV A >A«y U n 

£mmtzmA,x'\ l i&!$ j jrt>t>*i:Ziix\ l >z>. ztin. y 

'J 3 > •tfmCTi »i»»W*«fc ««- 

[o\ 24] yiA yfc&m&oyy^-iywwyvA 
y'\<rmui<mm&mz^\, yxwaktt. z mmx- 

li . > v 'J 3 <nW&mi f (IvSttfkx 

i . 8 [ c v ] x-mm> v 3 y%mn&)^& 

UtiSti&Zbimi&Ltz. itz. -yi vytjxymWz 

U 3 >-JKT-?>v>f TV- >• 3 > 
Zthwmitz. Lfc*-»T. )K*lfijO^ 'J 3 yJSH'-Ai 

[ 0 1 2 5 ] ZZX\ XlK 1 C. M. G r e e n 1 i e 
f . M . I.ichr, A p p 1 . Phys. Lett.. 
6 4(5). (1 994)] MJi. U 3>/i|ii 

^^•yttftiAttftsx.^^i i . 9 lev] max'h 
zzttfaLSLZtix^z,. zcoffiii. *mti<nm& 

1-&t>«?)T-*'>fc. ^^fc*»^. MSG S iritis 



( 

1 7 

jS;ft£»;ilTV>4i#iftft4. 
[0 1 2b] Iri'U ft**^9 3>J£^/"i{n'<i. 
4 0 [ n m ] fi!*tf>*a 4 > S: j&fct* d fc tiT'£ & 

XIBtli. ^-5*4 h3ivO ^ 
t •C*k*ffiW> 9 3 > MTtfH yv — > g yfhtzib 

mMz&mtz%ifc&tt<?>> <) n > *^-?^f ?v 

3 y n>■#*J£^;h6fc^*^^J&SfF^iE?■ 

&i>ff>fc4;t&Jl*. 

[0127] S3S?(C. mo ( a ) fc#ftt* fc . T-«c 

i:fcKttv^i/-> a >"t4 i> 9 3 > <^£J&3gf^#•' 

*A *«.i**§»*)x** 4 fc &.*>ii4 . 

[0 128]-*. ^>f>-»lfcW*Rt4il:^-5i 

im-im&tet&zt mt&iz. 

> U 3 ymfr^ri A > it 4 >U3 >ffii /ft 

[oi 29] f Ci:t'*>*»5. IB 

*BiA> ft v 9 3 > JEFFS Hctttft L T V > 4*£tf> f tttc 

.4 .t ? £&4 t f «*i 2 0 mhA £ < &4 Z t ¥ 

m&<r>1ik%M<7>i> VnyWf-frt><rrHiiK v4TV-> 

3 y ixmmzmd^ixh mmm nzt 

4. j:««i«iitrt!SJw> , J3>ll**^-5*>f H£ 
fit i, >^rv rfzihX'hh t %x. ftii4 . 

[oi * o ] -.'i o . £ ffeHX'immhmmni' 9 
-j y&m\&ftx'cn*m>9tmtf fv < > -guanaM 

(Drivinx force ; H7'(t'>'/7t- 
x) fc$:4„ *«3WMILIWlW^';3yJ|[TiWk»t4 
fc. < t-*iiTv>5;^v9 3> 

«■ fV) v f n — 3 > ■ A^Mtcfec: 4 ,t t ti^r o . il 
<mM>t>is ') 3 > A'HSfcWKTV f >r>lWcW;tf]ff 
Sit4„ 

[0 1 3 I ] IfctfoT. ffittflyc*/^¥*>3BBi. / 

l < v tft»3 txi y 9 -.i ymi-j)\itA,¥mumi 

9 3 i - nn»36> ft {fctt $ * 1 4 C t IZ& W L T ^ 4 .. 
[01 32} -j tSKRW^L- 'f >(«fttCfc^ 

Til. ri^f i > 'J n > IS i'<7)rS». f 

ttftxf-/! Jr(.i2. 4 I c V 1 tKcZ>» L^A ? oT. 

jSficWff $ « tt^ < & T V »4 ^ i 
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#*>A>4. 

[0133] 1ST. I^filffll: A ->T tfcftSiiT 
^4*>5:a^t4. 

[0 134] l lcO(ft^igS^aat4t#i.fttt4M^ 
N&JB$efcL #u n u®> 'J 3>±T-*itftS;8it1-4v 'J 
>iS^^JiuSe, # B t l.fi>'J3>±^^BtetH-4)g 

e. ima«> 'j3>^ftte B B ^MWfe^43Sso 

3o//#i.ft^4. 

[0135] 'J n > l.SrV^f 3 

10 >"T4^ 'J r7>iS(-f ^j£iift*^iILT^4^(co 
^TflUW"*. bdl 0 ( b ) 1 0 /U-f >h£]it?H»$ 
*x4S- 'J ^ yftfflcOIHSt^ftffia^ft 
iiT l >4 Z t Z wm L £ . ; tov^f — y 3 > 
LT ^4 i> V 3 > £«-t4Eias^>iii«li . /l^ > i& 
MtcffoTlfttPLTo4„ 

[0 136] LtztfiX. Hyv-i, 3 > LT<.>4> 
'J 3>co4.jfc6^aT-A4^rftJf . /U > Icffi^^i-L 

4 ^ u ^ > wmrv a y\%m<nmiww&.WMzft ~> 

X®z.&m'X'hi>. L A l L^r* J ft. /M>(:«fe$ 
20 ix4 > 'J 3 > otft f J± -7 A TV- > 3 > ^4 > U 3 > 
T^JfiS^BflUzttff'ti' 'aET'*) 4 . 3 t *• 
ft. J*#^4><0JBj£KfcV>Tli. V^fTW-^3> 

1 4 y 'J 3 > wtj^^'Ti. > «^>»aEiaft fc 

oTt^»C:i:*%*>4. 

[0 137] L^o'C. ^-f >*ft*ttaLTV^* 
<0<1. ^Hi?nft> 'J 3 > *'ftatgiB B H ±A.<7)> U r) > If « 
ftW&HhZ>^ M~?A yy-> 3 > LT v >4 i- U 3 ytf 
# a B H K> U 3 > I ,^rat4jgS.(c*>4 fc #i. ftix4 . 

[01 3 8] Wl <7te%Z±t#>ht. vy=>yims. 
30 'J 3 v<rmbwas&xfx'>m l . 'J 
3 > -aaifc^aHKWtiwfijfcK* - 1 
-?tz. z crmmtm 1 «^»»*f3*^3t>- 5 >-/rxjH 
»i:j:mmw> y 3 > cosi^ft t ±^ < m-i *T 

*>4. 

[ 0 1 3 9 ] ifz. ft$>ny\) 3 > ^rti(c*3fjA ; is*L 

tz%&. y 'J 3 > m r-c^iwv-'f 3 i 

fL4 -1 1 Tf^kA^rr LfcV fc *U>*"j ^ . 
[ 0 1 .1 0 ] -*T. >'>5> ^X!K«S-itL /v;f4{cR 

#>-M 3> «i ( <nlkm-? 4 71 -l a y?rWSl|LT^4 
^fc^«f+tt4. 

[0 111] WSilUBStClly^y^xSrltlirifcWt^ 

uars 1 cfjtafejKarcifi^ J: -) tzm' B ny 3 i-.tcjt 1 

^TTd. 3 i *>'m?ii4„ C0)RCfttir4~*£«>ft% 
[0 14 2] mtizmmzUililtz® 

aui . mm-y 'J 3 i «j^isi(cetfe L ,. , .;.{.ir^? n-r . 

r »0 jtt ft**5r*«* ^"4 >- 9 3 vRjWBtfCS 4 . 'JWU 
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.iCOlgSrfflVvC. TFT (Th i n Film Tra 
nsistor) tW^ I ft 1 Z t>mi?,CO%&&> 'J 3 

yj££JfH>ft*IA(.:Jt'<. *>^cS#i offffiUKCimn 
I ft. **®l£lfc3$:a»o£*£fc:ii. $3^ 

4. 

[0 14 3] ^ W885t T F TfcMUfl LtztZh. 
> <) n > IgSrfflV >fti8£(cJty^ * VTOP 2 0 1 

'J h''Jf -f #£"fblftfttf>fc#;t £>ix4. 

[0 144] 4ft. *Hi«B©-r-<i>'^7>^x5:Hj^ 

t3-AF->* —)V94 mumx-fm Lftt&fte-x > 

8r^lTk^iS3ii£<^fttf>T'*>4. L*»U SBl 
l>/L^^tKtt{i3^afc'L*^T'^^l>„ 4ft, - 

( ftJ&mcrM&V x / »i BfflSKKt UiUftS iiT 4 §£ 
if) T'tn-^F^t-Hl^g (Rje^SA^x^co 
fi£4 9fik>ffl*fc«*3;h.-a>4gB) TtWltt** 
6 0 #W l-Jift? Z&Zk2mHLt:. 

[0 14 5] 4ft. ^MtWft^OfcBBR^fflv^TtHa 

4 d fc * Lfc . IjJJJWflUtT'WKft'C 
ti. ?[ B 3 u fJ> 'Jnyj&^ffifriHtU .Initio, $B 
v4 /F-i> 3 y-f &R : F* t JWI3ft.4fc»TAi kt 

[0 146] BMfcO«^»v>*&(ctt, -ft 

i:S$:4$MM>8.rS. .rfUcot'TJi. ttiE<0W5« 
*3l«WTMIWW-6. 

[0117] mt<r)%£X-i> . **T'COW?y i, A.- 
i gyJfflKS^Ct,, ?>'#/ltLft#X£rt]^4 

■rfc*«iS4U\ 

[0 1 4 8] 4ft. s^5V#.X*fflV*fci«W:li. * 
'J zi y t^crtmmWAmmizhiZ *) . TV 

M>-##ft3*l£. — >7>#X Lft*§£ 

4. 

[0149] Lft#oT. JSj-frlM X<F>7VA > B& 
t^? j&T'tt 7 > ^X»B WaHJt^T &4 . ft ft 
I . i *> jriii* 5 41 £: T^F <f VffK^V 

4 * 4 . z mm t f*i&7>3s 5 ^-jai 

[0 150] (55 3WfeSfe^®) WF\ ^7>#X£# 

-ci-^4. 

[0151] 6 -f y-f <7)v V :iv*ltht:a!Kft»«$ 
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2 0 

SIL. i /x/^ifiJ$- 100 [nm ] tfigHURTHoft. 
ZCOmim^l.Z'Jy/f 7X^:20 0 rnmlttfllL. $ 
^CCVDMJMLt. ZffMMmz^is?'? V 

^l*«Sy';>yi8«±<OB«a»ftRSrHF/H2 Oifc 
*U/ 3 0<o*$ifct;:3 0#fSjaLTI^lft. -ixtc 
4 9 **/ x / \*ffi(cli> 'J r? > x 'J rj >KflJgO»fii* 

10 

[ 0 1 5 2 ] mz. m 2cr)mimmx')£'<fz uhv - c 

VDgl (ANEI.VAS : SRF.6 1 2 ) SrJtK^C 
> 7 >mt&VT~- /HPISrit L ft . 
[0153] .T<7)«lfflS-ifeLftm««»tt*>'Eai 6(Ot< 

i 5rK;>, >ft^ti^Jf? (Electrode thic 
kness) tHSG Si <7)M& ( d i a m e t e 
r ) c0tffc*^-3ixTV»4. 

[0154] PiEi$r#B?i-ri.fc. Kffitt»r--n-«yis- 

[0155] Z<r>?i, 4>WM,z{t~>X. > 'J > ?Wi 

i)m<%'>x\^hzki>hti>b. z<rmMi. ■mrMm 

izBtfLZtifzyi- 4 > ^iift*^y'J3> « 

[0156] Lfc^oT. y'J > rffiff*«#fSt:J*^ 
^. /H > tc(ft^T-^4fS7St* 1 '«4fta6(zifijW^u 

[0157] zcoztmmizm^tzZimt. mn. pc 

L T t ^ft^tc . >■ 'J n i-ig^^ifij^k^ ii4 Z t tc 
<, Srfi-?-v>-v\'4T'SAT'§4. 4ft, y< 
(fyPI&M^mil >: 1 0 s [To r r J X'bh> ZCOJ- 
x >> WX'*7 x MiUJga^/t-f & 4 T' 3 0 «-fa«rr Lft 
50 [ SCCM] <0i^7> ( 20%He*SJ) 1j 
X2re»L0. 006|Torr|t«HILt. 

[ o 1 5 8 ] m 1 7 (a) tci&j&jyuiBij<7)> u y rvgts 

*^20 [nm] jah"T*»4^k3& f iM6»6. Lft*-.T. 
-^fell^BW'j^WSS-JfcLft^tCfi. 1 0 
[. n rn 1 fSJgCO/hS&TV -f >' LjW&£"C§ 4 

ft, Z<r>mn£tkUz^te\M^tzMzmfflfifaA h F 

[0 1 59] Ml 7 ( b) til. imLPCVI)&R& 
Hl^t 5 6 0 ["C I T-4 5 / /H5l<7)lSM^rfoftmc^A- 
i'A'rtt^^Xj KUTorr] cr)}¥..)HZ*C&£ 
^^fFC-3 OiHSRfiL. ^W^^^WafciftWLT 
50 ^4 tnitc 1 5 0 L *C ] 4 t1*B L ftfflKa&ffcP* 3 ft 



2 1 

x^&. mmz^mtzt. wktffKtox^h^t 
f>->tz. 

[0 1 60] 01 7 (c ) Mi. S^LPCVDflgS- 

m^x 5 b o [v ] x-A "5#iBk7)ri»*i/->fcafc«s 

ftfc. icJfr^P 4 ytf^tSJiWlzBl&.X'Z'tzZtffh 

?>y 'j > 2 . zfex'hitz. 
[0161]^, znJimti'-5>lfx*YA\*iz*k& 

izumwxz htfzsv yyt/xzm ^^zammx 

i?> ? ytfxirmi'Bi' 'J 3 >*«fc:i6Lfc*6fcU£ 
[0 16 2] (^4<7):«i«g®) U> (JilT\ 

"P" fctfJO K-r#:^S> »j3>JS*iStcf*teaMS 

[0163] v!C05ai»liT-tfit*<OS-ao^t4-@ 
'J 3 y ±^w«Bfi*tt»«iiSt-5i >T >' s- 7 y #x!8 

[o i 6-i ] mmimmfjmz^xftKz,. 

[0 16 5] TJe&KAB£«?£ P P-T^ffy '/ 
ayfgfcSfcgNfclfcv 'JaymiitJtWLfc. P K— 
^F-AUi 'J=i>1i, 5 10 I'C I Ti-^>#xfc PH 
3 #Xi£Jfl^TLPCVDi£T'JFMlfc„ CliOPK- 
'J nyRfcLT. PjSl§:#l> 10 2 ° [at 
oms/cm 3 ] 5 X 1 O 20 I a t oms/cm 

[0 166] .icof*. ryqt-r. jSSMfc***&ttfK 

«HF*ffBST1$£L*:,, MSG SiMCIlUIIV 
-CVDUB (ANELVA8: SHE 6 1 2) £fflVi 

[0 167] HSG - S i C7)fi^c7)fftftj±, SEM 
( H&Sft jTrS! : S900) SrBJlr^. ifcTV^ > « 

fit«=s:fliiss«tt±T p m ( □ mmm u 900 

0UIIR) ®&£m\,^„ 

[0168] Z\<T>> £i?>jK«3tti3 00 [ k V ] t L 
fc. i*\ PK-T^&ByUayLK^jSLfcHSG 
- s i 7i 4>&VMhn>' } )--i> l \wrXlJ£ftfi&F- 

D Xffi ( K K V K X D K I.TA plus &it h - 9 
iWsZTJsMx^ fimmmrti^ < P. n <' r g 
y Dispersive X ray)) ^HI^Tfr 
,I<7*^-rtMni»6R* 100 [kV],«f 
»f*l [rim] . IfflttKCS 1 0 " ' LA] fcLfc. 

[oi 69] p K-rJHtM,tti'»; 3i :&ifn><^**. 

Si 1 iconhydrido &t^F><7)*jaitWLT 
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li. TDS (Thermal Desorption 
Spectroscope; ftfiM/Iftff) ffiiffl^T 
$Hfr Lfc. #itt»«7 5 [ TV m i n . ] X'2 0 0 

[°c] Ksoo [r] i-c<o«H<^WSrtr->fc. * 

>)3>mm^xft9\ifz. 

to i 7 o ] wt. susaojftgiMifcok-.-ca^i. 

[0171] /> K-7'#JM(5/'J3> hfc^^ytt 

&<fz. ZZX'RMz. pv-rmm>v^>±.<r.m 
m^)fS.^mz-)\, ^xm^itz^mz^xm^i . 

[0172]Bl8Clx 1 O 20 r at oms/ c 
j£ L fc / U-f y»M X 8 0 [ n m ] c0fij«^ H R u<7)»ilft'r t£ 

> ± izB& itztm&m LT C t 
20 [oi73]it. ; <t)^p A >-MULnMMl> 'J ? > 

[0174] %.mizM i 8€t#k{^-s c . mmxKit m 
zt&frfrz. ttz. mmitzx^izruj >Mm<?m 

[0175] CixJ; ») . P K-T#ffi©> 'J n > I TcO 
30 ma&cr>i& HimMlT<r>X 'j t JtMT» l> . 

[0176] i-f . >^7>«Mt(^t 0 p H-r^NMI 

^ -7 a y\s - hi x v > h >■ v n > m f ■*> t> t><± p m t-** 

[0177] «tt<7» /l--f >Bmz%b<K\i.JV Y- 
rm/Ai' 'J ^ >-o*A t MtttcTV -f > h^i JMfaft 

[0178] L X . P K-rJMWi- ^ :i vKt 

i- b ix^im r-i) i m&$*!iizttmztit&&tz> fcjs 

Mi, i/L-l'il 1 8t*5ix-C^4 < y(f^,t 0 . 
/P -Y yfilitt^OT^^rfc HSG Si c7)(+** { <iU' 

[0179] P K- rft&m ijayiMl'MWi 1 

HO • 1 O 20 [ a t. om s /c m :; ] X'fo P K— V 



(13) 



ftBPFS 3 0 6 6 4 6 



2 3 

I^W^'JaytfOP^m^'J^v^o. 2 [ato 
m% ] WtX'foh . zcnz b . 1 *> > 'J 3 > 
K-fli P K-7#JMt>- 'J 3 > 3Ufij£ V A?V~Y 

[0 180] ~Jj\ Pj£j£#5:< 1 O 20 [ a t oms/ 
cms Jcoflg'Cii, y^7>FMl:atef B f«li 

[oi8i] tiT. mm\<n>> 7>m>sym.tr-- 

Mzk *) . # H B „fJi< 'J 3 >^iii(ct«tt^K ><OJfM 
b'm&X't-tzPm&l :< 1 0 2 " [ a tons/'cn" ] 

[ 0 1 8 2 ] Hui$ L tz X o \iZ , ,1 J: o ^Ff&fJ > 'J 3 

bh\Ai?vA >%mz&%ztim-fr>&!i{£H (ft 

(ft£83E) * : #;t<3ix6o Cc7>PF-T# u ,',fl> 'J 3 

> tA«H SG - S i B&ktift&fflEBB&wmtzi- 
ItMz. P F-r^ulifTv U 3 > §t±<o™^ W 

> WMX ( 2 r ) *^'> 7>!K(Sff^^>l'r--n 

[0 18 3] Z<n#(?>i, r >y>9mRV : T-->l&& 
li, 5 3 0 IT' J . 550[T:|, 560 1-Cl. 57 
0 [°C | . 58 0 I "CI tlX'.m&fi-otz. ZtlX 

y. m$tfyv < >wt<{X£Mf-itf. \m\/2x- 

[0 1 84] £;iT\ JNJtRy'JayJi<?)fittSafc*«Ri6 

aaatf «i&»a^»«JB-cidt as *«« 2 0 1 * $ 

[0185] RiatcJixt-^^E i. -vjH£&£tt(t£ . ft 
A t tt^lUi ^K . A V «»/J *fl8] A t ftOttffiJtf All . 

F S Hi(iai)^w)(isri. N S {i^ii^ffic 

/U-xaVfi, Shsg {illSG^Bflt-C*)*. 
[0186] HPteWR*-* t - WH'fWMfiM*- H 

We (feiWfc) Tl*a3h.4*&Uii£gauS <«8&n 

hizx ^xmmmmt- 0 . wft^) 1 *~ 3 

hi] t KJttttS t v > T ttfr-tt t 
[0 187] #4!.1fi''J:'> K^>t-«R*&k 
fttiiih£iii£ttft LTV j.- «J n i-KCf-coMJWfi ( b£ * 
d (2«r ( t ) 3 / 3Vo ) d 

ZtlX ") . 

r 2 2ao V 0 ft - (2) 
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■C'J-rtJ|»lllIt4U-^C*6. L^'ot. Fh'-r 
'J 3 y_LTV);7V 4 > tfL&X'L . Z <W&W)H$ 

mt%->x^%^zt tfbfrz . 
[0188] ufflRi, >) 3 > ±^isw s | i l r B *>ft^ajt^»: 

<i. r 2 jWSfatfcitMtS. 
10 [0189] b > X*>->;S < t . 

^(Plateau) >f >*^fife§ixS. Cl^ 

^i,-f >-*h xmmziwixmmi . 
[oi9o] mtf*.mx'?~ s *4 b snfcis^t 

w^f y**j«l*-<j-4. zcrmftcnyvA v<n&iktM%&. 

[0191] WJ.«oc: t frh . p K-r-# B H B «> u 3 > 

[0192] />-H-7^MWIi' 'J 3> Be, yy7> 

[0 193] i/c. « r A. Sakai, T. Tat 
sumi. K. 1 sh i da, J. Vac. Sci. T 
echnol. A. Vol. 11, No. 6 2 9 50 
30 (1 9 9 3 )i fctt. y 'J 3> M r fcOteSi^g*<{tjIL 
TO|,%;>Ci. /H/^tfc^t, r 2 //B$f?i| 

[0194] t'ttticnfts^ri A ><n&&\i. WTt 

[0195] 1"^*> . HSG-Si <7)JB)S:* 5 jttOEI 

<nffltU> t &tf&. zay'/vi ytmmi' V 3> t<n>& 

*ix^&nmmi. &mm ix^i> , jo>m to 

40 [ 0 l 9 6 ] t . m 2 l t>r<3flT ^Z>£-)iZ. 

MSG Si cO^^^S'^-V -f ri- —v a V L'CV^ 

[0197] 



2 ^ r 



( t ) ao f 

v 0 liv'Jri 



•• ( 1 ) 

)!?. tV){*W [ n in' 



( 

2 5 

g (F I ow rate) latomsmin'n 
m '1 X'tib. 

[0198] feLLW*£*J: 0 . Pj£K 1 < 1 0" [ a t 
o m s / c m 3 ]WH V-7?$ti&l' ') 3 >_LT'0:/U 
4V*>Jftfilcl3lr»Tttr* tfRffflf • tlCifcWU /U 

& l> 41 PK^cOft&U- h f Ttt&Z b ffhfri . 
[0 1 9 9] -f-^-C. .I?)igf?.£ i OI¥*fl(C^S^ 
f <r>r\>-*jx-7\-i ■» r-£ffc£Lfc. :ii^2 2 

[0200] T--vi«ntc i s p K-r^liBi- 3 

> l.nfVl >l&m>fcfl<tX*jW± 2. 8 [ e V ] 

v >j 3 > \hT-coa»sft«j*<o?*tt<kx*A< (2.-i 

[eV] ) ICjfc^TA^&oT t^It trhi>>&> * 

> K-Ttfftffs' 'J 3 > .b± A£ < 8-=5:S£.i: IX. V 

&%,mfht±t>. 

[0201 ] nttl&J: If-AHy ') ± IX 1 
<10« latoms/cm' ] OPiRlgSr#1SKl. 

-?tz. tzfzl. ';3yfciP#A&.ri:T\ ffit*fi 

.P^WvSttftX^/l.^i. 2. 8 Le VJ nXkSiZ 
[ 0 2 0 2 ] r C T\ tt£fiftJ&I|K)f= PIS r* ; v 'J 3 

tfMRy 'J n y * tf>«j££ RDXiffli >t #{Jr L £ . 
[0203]N23Cl<10 2t [at oms/c 

CO(S)3flc 7 :>PjfU£ (concentration) 
#Jj'<3*iTV>*>,, |a||5(l?-^H3-r&t. PF-7lMilti' 

if A - > T V fc . 

[0204] z<r)ztfrt>. pw^nmm-?^ y\> —v 

[0 205] ^co^tti. #WC^JjBa=5:«*"CA6. 
PKf^BiBJOtJW^-ft^v^^ijWf, /m 
yHiawJMMts' >) a > M^ffif )PSUt*^< frSll? 
T'<?> h . i ^ . £ifii'-v -f / 1- — > n > L & i, t> . 

[0 2 06] MSG S i COhScl-iUKIL-C^lffjjft^P 
BS f »JfcWK< KZmiit IT. P^N/ittv 'J 3 > '}' 
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jib* 1 ** . mmv pw, T-MRrtacitawi 
fi-ft-fts. 

[0 20 7] L*>U EDXcOfeftiO/U-f >i5^<?) 
P K-nf-ftH> 'J 3 > -»f <OP«Kllft«BSftifi - CS« 

jWK^-O^, ^^iO, ^ffi^PA^'f'tctellSt 
10 LTi>l,t(i^l:<^. 

[0 2 08] PH-r^ifly^yia*^, PJ© 

11 F jgjftTBsiL PiBJft** 1X10" [atoms/ 
cm 3 ] &y"5 ■ 1 O 20 [atoms/cm 3 ] (7)P F 

[ 0 2 0 9 ] Bd24 ( a ) SI/ ( b ) fc. P . ( H 
z ) M/ y 'J 3 >7N-f h'7>fH(si 1 iconhyd 
ride) tCKLT«5t:bitte**^$iXTV^„ Pld 

L II F^jftT-i^KftJSSr^i L^/ilHSr 
#t * P H-r-*flR>- 'J 3 >-m*»A><7>**l»tt4 7 

0 [t:] .520 [°c:i x-%.t>tih. 

[ 0 2 1 0 3 4 7 0 [r] Mfb 2 0 ["C] X'&htlh 
t-^ll. jlffiSr**^-S*-'f M^y'J3ySfeA» 

:«/3 lS.t</3 2cot-7li, yyny^iBj<7)d 
ihydride phase Sl/m o n o h y d r i 
d e phase *»<5,<3**B»<Oi6l¥.£ #t«* 
30 LTV^. CW^ilH. XW, f Y. J. Chabe 1 , 
G. S. H i gash i , K. Raghavachar 

1 , V . A . Burrows, .J . Vac:. Sc i . T 
echnol. A. Vol. 7, No. 3. 2104W 
(1 9 8 9) j fiXfX IK rc. Michael, G re 
enlicf, Stephen M. Gates, an 
d Philip A. Holbert, J. Vac. 
Sci. Techno 1 . A. Vol. 7, No. 3, 
18 155( 1989) i KaiaSfl-CHS. 

[0211] m.<r>z\tfrh. c\<n\z-9\t\wmw& 
to JiT'IK^ffiwyy3y,t:yH(c^- = 7W b^/tTv^ 
**7>flS£S£lc*+fcLT t >* i: #x kilt. 

igfd&. 500 PC) K6 0 0 [TCI CO 

miX'Mtl&V- 9b. 7 0 0 I *C ] Hht^lJ £- 
?X'hh. 

[ 0 2 1 3 ] 5 0 0 [ V } (> 0 0 [\: ] XM^tlt 
\ ' <r>im\i . P WlSC 'ft LT O^^T-^ SCi: A«i>*» 

C^RIIl P&mn x 1 0 £ » [ a t oms/c 
nv 1 I wafltfilr>T«aTSfc. --A'. 7 00 L*C] 
r >0 ia.h-CM.^*i&BWIIl. PlSfii^P: ft : f-<r>fik<r>f& 



( 
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x-wmx-zz. 

[02 14] ZCO^M^LH. 5X1 0 2 ° [atoms 

/cm 3 J <nP-k-%%.<r>mt>^o<F>-Ht>* i &fr'>tz„ zcr>7 
0 0 [°C] &±Z-coMM\iP?. ftfnMmtztZlUi 

x - >izx mm a titz ttihtit. 

[0 2 1 5 J PK-7lfMy'J3>SI (P : 1 > 1 
O 20 f a t oms/cm 3 ] ) (CHSG S i tf^l&ifr 

Itz. L*'L. ^p>fyi|"tPA«tt»L*^TAii 

[0 2i6] zzx-. **'*>?*mf8.i. ft&smz 

[0217] ^fc*SWHBBifcflw>4a A y<P<r>pm 

JtSrKDXfl-tffcJ: "JlKfclfia. 5 < 1 0 1 9 I a I o 
ms/cm 3 | COPtfyV j > iZM r )&&tlX^& Z t 
tffrij'-otz. ZWZtl"). *x/s> ?BtfLTn-tA£ 
KhZtlzXr). P K-7*RH x 'J 3 > 7> 
Xl'tP^'teSlLTV^^fc*^*'*. *-WCS/*JB 

t£-rn-bxjaft<± p K-r#dUts/ 'J --> > t^yi a 
>f« (#5 5 o Lr j ) t,zit«.x 8 0 0 [x:\n 
mttiw zcnmmz&h ztx-r-h>?\s 4 y<t>lz& 

[0 2 18] IztzL. Z<r&9m£tox-&WZ^ Bftco 

mamiwomi'&x.izt^K. ps-hsg-si'I' 

G Si »*jtat<±BI*fflt«Wt 9- 5*-f x :i > 
3 fi'C v «5:V > . <lc0J; 9 $r«flH<TOI» £ WIS 8 0 0 

re i wktx-mmuzmft. use s i 

[0 2 19] to»LTt. ^tfeSlft'^i- 'J 

IX. h s c, - s i WtfKttfcr^-t-T ( n h 

jWf»t=*f«rc*&^ fc *&asi.fc. BifaiLtJ; -) ten 
so s i jH*ift:ami. »*iwiirtin'i>&. 

o tc&miZH S GJBl££fT->fcfii«T r > * r-T/fXt 
i&ltz&riilzii. BD^*ifi^)> :ii 

Rfc *> . Jn» L-C t iOt-frrt i- 'J n i-R*iiifc*4cJii L 
xma-tt. z<r>tti%. use; s i fcJt«Lfc*«*> 
*«tt«*«i.& J:k=fr< . ^i -f vM't'WWiiiaik 

[0 2 20] H. IWi't ::7^'^MIiH SG 
I f o -f -v y ^ WT1 r-> T 1. J: ^ L . W\<r>+ v>>\ 
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izW&lX'ti-oXhX^. fa] fi-yA-rttff-)^ 

ii. \\sGB$.iZ)z.x-mitz&. mnifxmmTM 

ftLXhXW HSGJBj£jUJ9rC7y*--Tfc: 

[022 1 ] nsG»j^ktg«^art»aLT4»4.r 

> t-rc ? ^-t^tti. 1 1 s GjRSjBttJUT^tnK 
T-r> t-rtst. citf^acsffl-r&c: 

10 C£0J*.ctjti. m-t^OTtHSGmaiSiO^^ 

fflJK^iiiiiaLT Li 1 1 H SG - s i OJBttttMblT 

i x 1 1 z<ntk<rm&w>wmtmzmii l % 
\,\ itz. zn&ttMimifUzmvzMz. zcr)tm& 
icm&iKKxh^v'^rmtizm&wzmxz* 
vk itz&ix. ^Mimwymmizmfit-f. mx 
t><zt tf«H&X'ih h.tzfzt. mkixi>XK\ 
[0222] vxt. mitzmLt> i '}\£t&z ztiz,mt\ 

20 [0223] ^ B B H Wi- 'J ?>m<Pt,Z 1 > 1 0" [ a I o 
ms, cm 3 I W£<7)Pfa7&malXi>. i^'J n> ftg 

t Z am Itz. Ifrl. jft^)ifitt<kx 7-;l ^ 

bmmhZtiMhirtzttntz. itz. PH-7M 

H^ , >:i>4 J WPj8J^* ; 5> 1 0 20 La t. oms/cm 

1eiZL>%^ZtZmi&Ltz. 

[0224] %ZX\ ti'MtifllZ P H-T^NURi^ 'J 3 

[0 2 25] ^.Hi- V 3>«+t 1 >: 1 0" [at <> 
ms, cm 3 ] S^cOPJKrSriSSnL-Ct^tto^l 

^ y/Mft-r •& i t z mm l fc . znxotzrn > 

i)\ r- *ff • ttlkMLTlftg-*-SflW^)»««Y-t 
LT, /W-f yjllfiitftlft^iiiJKiVWJJtjftK. i^: 
(i. v Y /U a > ^-&)5(T^J&3SS* ; #^ Ai-L 

40 [0226] IU2 3S-««ai-4fc» MSG Si n< 
y«f«HP*<l£»LTV>^vCi:A<i3*»&. Cil.tO. P 

[0227] h't>AWJflft*>'fe2^ o'C t - >"«jfl 

*. LA'L, MS£L^J:-i(c. PK-rjffigy'Jn;- 
cOjl£[friT' Pc7)jgl£A>'{S KLT t><!.C t , U^lfiiiO 

p»s f uKrtcttiki <- *woijkftiii3&»ft a 



( 
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[0228] ED XcOtSHA^ P F-T#,T H ftv 'J3> 
Rjfcrtififfi^PcOilUSi. K#lititl&l->Tfi<=0:-?Tif> 
Sifc TDS^*fW*S» (024 ) J: 
0. PWjftS#l > 1 0 2 ° [atoms/ cm 3 ] Srfi 
■th P F-7# B H H ft> U 3 y-cii. fi^itt"coP/S-7* 5 5 
0 0 [ ri ia±TS«H4"idWtt6Jie3!( t «^ 6 - 1 * 5 
i5*»S. C^fc/j^oTt^cOT'&ixfcf. PF-7 
JNMt 'J ^ > H&BiT'co P toii^^ffi r*«W!rr& 

[02 29] EDXWte**^. ^U-fy&y/U-f > 

7^ u 3 yt*&s^ ;a.to, HSG 

5 ifl)«ftfc:RLT. PKTttS'-'JavaT-kHt i'3 

'J a ytm^n 7\> - hi . > WK 

[0230] 500 [T] ftjfrf P<Z>«UfeMg.r 

o-O^^POjfi&A^x 10 !( [a i oms./c 
m 3 I ££'-t!.P F-nMnftv 'J3> .h'Cli. #JWt 

'J 3 yM^ffi^tenTC'S & > fc . 
[0 2 3 1 ] ifcfc. P K-T#,r?iff> 'J :iWK?cOPc7) 
ByBd^wC 

[0232] KDX(?)fe!fi. I :« 1 O 20 [atoms/ 
o m 3 ] <7>P<nfem:W& P H-r#,',{,©> 'J a y®. 

10 [ nm] e«<oaE$*^R«Ht|6l-5T. P« 

W^'^>-*5-PrST^*5 0 0 [*C] fiiJ£"Ct£Sfel<T& 
0 . C ^ p )#-f A^lfllKJI'fi* Ltz^frtkzWftt h Z. b £ 

[02 33] -A\ TDSM.t 0 . P<7)KJ||#5 5 0 

rci eKtt-^SrWfo-cviS^t*^^. c:^ 

[0 2 34] iiT, TDSftffU. -JEO»«l^-b 
TP F-r#^s^J3yR*ttRU:iH:. 

[02 35] P H— T#iSh©> 'J :»> £tt»U:*8ft, 

6 0 0 1 r. I ffifi-CtHWtt*. P K- ^^iSv U :/ 

• I rcJl - P li >- U n > ' fc i * -/ F V- 7 L X 
Vi&liit-f&ZtX'l-myfgfttiiftL. '4 
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[0236] CttJ: 0 . TD St'aiSifLfcPKT-Wiai 

[0237] P Y-rmMis ') n yiJit'T'fi P fc v \) 

<7)?>y>) y?#> Ftt**T'?-S *- h £iiT^ 
500 L°C J SU^Ci PJSC7A ! > 'J3> 

-r^ra^t, *aft:flaifci>K 

10 K> U rj > ^iSS*< •} . P F -7^f: H a H M y'J^>I 
jWWiJMfc'tii:. Pt > , J3>fctf>«i&a { $$K : 5r9. P 

#i.^iX-&. PcOil^* ! l :< 1 O 20 [atoms/cm 
3 ] 5:W-t& P F-T*Ml> 'i^y hTOH SG S 

[0 2 38] &fc:P?)iRJ£A { 5x 1 O 20 [atoms,/ 
c m 3 ] 5:^1-5 P F-T^NiSIiBv \) ^ y±*^«0. [' 

20 [ 0 2 3 9 ] AIR 1 Y . Kamiura. Y. Mizo 
kawa. M. lida, Y. Isobe. and 
K. Kawamoto, Jpn. J. Appl. Phy 
s. Vo 1 . 32 Par t . 1 No. 1 1 A, 4 8 
6 3H ( 1 9 9 3 ) j (C<±. K«*UP£8&*lLfcB«8 
BMia»0*v^-y3^i«RLfc^ 500 [°CJ ft 

Z.<r)im,Z>M)Vr~>7ltzV\i*.VLlQQ [°C] 

[0240] P 2 'M-h ixnUMj&mzm LTIi, X 

30 ft ' R. M.Wal lace, P. A. Taylor, 
W. .1. Choyke, and J. T. Yates, 
J . Appl. P h y s . Vol. 6 8 No. 7 , 3 

6 6911(1 990) i KiEttSfra > <> 

tfi-ft LTKItt & V ^ t> WT'A £ . 
[0241] tJLhw^t*^. p*»TSiHJifc:aan3<x/i 
Mhn^ } ) --iymfrt><r>P<7)im£?i : $:aT<r>£ :>tc# 

[ 0 2 4 2 ] 1 1 SG Si c7>jfiftS,ia)S-C-*)^ 5 0 0 
40 ["CI m$L&X'P Y-TXMO' 'J ^ >^flD»'r& fc , 

p itak l. *iatPjjK-r-* , «fHj-r&. ;^«fttj 

3&>^>Kltt& Pc^JStJ: 0 1 . Rif*^^4RHt: P*%W 
&W&m\^Mz . P *>'*iM(CA< -f ;i/r v r ( rrHi ) 

[ o 2 a 3 ] ;c7)4Jt«t-<±» pi»i wm.ftmmxt- 

7 0 o [t; ] W I.T'P 2 7 ;h7t L TlWi^&ftJS* 5 !^ 
^rStCOfc ZiLh. m "St:, 1 X 1 0 2 » [ a t oms 

TO /'em 3 1 ^PcoSUgJrtfi "SIKi^aUi. F'^iffi 
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Ml : s U 3 'J 3 > & 5 0 0 [02501026 K P K— 7°#i?bW;-' 'J 3 y±tf>H S 

[°c] SST'ib-f^PK-FWBai^ffitrs^fc*''. G-s i cOrtMSS^^Ilrt^frU^. 

X« r Y. Kamiura, Y. Mi z okawa, [0 25 1 ] F h'-TlN^i- (J 3 VRLOT'M > 
M. Iida.Y. lsobc, and K. Kawa > 'J 3>j£-fc7)^M f <i, PWlRSl ( d c s 

mo to, Jpn. J. App 1 . Phys. Vo 1 . orplion) IzmMZilhZ b SrmitLfc. P F- 

32 Pari. 1 No. 1 1 A , A 8 6 3H ( 1 9 T^fiv U 3 >KJ±, > 5> tfXt P H 3 i$Xt 

93) j tZafflZtlX^Z. ^TLPCVD^tCiOmLTt.^. LfctfoT. II 

[0244] 43l56T'{i . 5 >: 1 0 2 0 [ a t o m s / c SG-Si 0)Wffi1Z t±)$F*l3K> P <7)jfiJ^cO-»^ii— « 

] *#taPH-7^ffi^-';n>ioiEaiflayKfli 10 xht>„ zcoztu. hsg-s injmn&ss&t? 

i t&tiza, pR^-^wwias-c***^ *s pj^+t-Kt** ix z t *wm & . 

. f»£ttira«ttpfct4 tf&wmsm i o 2 5 2 ] y > u ^>±-c«. mm 

WTT-*-5Jtt><ot#^tii6. s*4 hznx^&titb. m$mx'<?> 

[0245] VJ±<7)ZtfrL>, 5-10 20 [atoms ^V-f^-v 3 >•?&> U 3>j£?££j£f- 1*566.** 

/cm' ] ^tSPK-7^hMt>'J3>-fU:t:HS *«BMt^)ll»*Sttfc. L*»L PsWR+fc^-fc* 

G -S i MBASii^ofeJSBi. P2 4Hftf)IWKB *BLTV>4<0T1i. S^ffil^^P^IKSLTftMcO-? 

gfr'HSG-S i tfWB^flK J: OKV^tc, HSG A 7V-i> a >T'£ S ^ 'J 3>jf 7££j&LTt, ffil 

S i c7)^rD-feX<7)SJg«yBT'«i#5/ I K> 'J 3>£ffi <«^ffi{i=5ro^H) f rT«i. 4fcPt*fitfW6fc*>y 'J 3 

P<7)500 [T] fSTC^Pirffc IT^itfBfr'H 20 [0253] l£#->-C. >^4" Xfcflcfrtf-f £ 

SG--s \<mi8^<rm&\z%^X^&Ztii i fr1}> <V]ffitf7'UJ>f$.&i:im-t&k%lt>ti&. 

h. Z<F>Zt\i. Pfr'HSG -s i 0JBiSiBffiS«-C« fc. y yH-T^l^y «J a><O«^k»5t0 . fiiOL 

fcift'^BaftiJlS^HSG- s i*ftt^fi3Kr>-'J fciTt»JCiS* { itrt»*T*%-fc:«p|trSfcy>t: s 

3 vmwi rv-is-i xrmftmiz^hz t srs p^iwitasas^v »»»<o>- ua> a*?' w > 

[0216] P H -711*11 > 'J ayBLtCfcL T'M ^ 4 ^* <H f 4 *fcttA*«E£-*4. 

>-t^f Xfctfc#1i:-f-t«*W^l- -f >* f *j£3ix-&<, " [0 2 54] WJ-.^-t*^. P K-T^NHte-'Jav 

*\ y y h-t^hS^ y 3 > h^y v a > i±. ht'<o«isftfK^tf?.fcjaT'o j; 0 mm-*-* . 

JWfcHIRjliaifc:?-? =M h SiiT^i>**<7)JB»x* [0255] hsg-si <r>B$MrgX'b& 5 0 0 

;i ( i . 8 [ev] ) \izmtzix!misv)tri>4>v 30 [rj*^58o [v] oimomxn. pk-t* 

[0217] l*»U ^MHJ^'J 3>*«fc*- S M Pm^m-MRi- 'J 3>j&4'$rtefflrf SlHfcS 

V^tt) *^.l.(C>U3>ISt'* < tt*&$il«*5:<07'U-f [0256] P<^g£#ffir-t&;i:T\ ^'J3>7«ir 

> *'*hKK L/c. tZ htK P K-r#:ffifi> 'J zi > i_x tfimmSsJ ?h -> h > S «t ? tc^r 0 . tttAJL 

nrisj y&mwr>ammcii. ri>4>wxiz mzmzni. ztuzx*). ?\>4 yimm^x 
mn'i i *Mwmco#m ix \. >&immmxz . 

fc. C^Itti. OTOJ5tKMH-C£S. [0257] ->f >^(cff(,»)K^Bic0v»;3>g(7 
[0 248] TDS^cDJSSiO. >- U 3 yiWiBt 40 j^TRISiiTi. -JCCf* PWffilfcS. 

^-5 h ^fiTV^7K*^B«i* ; P^BiSE(iJt^T t/JBWBgft* Jj P : Si*t«^ft*^^(CH SG-Si iSKJi 

RjU-Citt«:oTV^ ) rfc*>'h*>| ( . mz. 10HL<r>^ ttS-4-6. UU.^fc*'^. PH-rJMWtS/UaiJ-. 

S i -HA^<7)**iaUi. P<OWf*«jac.6iftKJ:0 co|Sfe^)«fcc7)vfittftx*/l Jf{±. P K-r*JHJi-y 

. p H-r^sfi^ 'j 3 > £-e?>ttt&A£££*ji; p H-rMHy y 3 y^(r>\w^m i: m\mxm< 

f'<rm%£ r )i>ffi&X&Z~?X^&t:lihX'hZ>t%lt> 0 [ nm] ft^T'*>S tntz> , 

tlh. [0 2 58] 1 > 1 O 20 [ a t om i c /cm 3 ] <nv 

[ 0 2 4 9 ] mz , P K-rJMMly 'J 3 i .hcoy U ^ H-r^NJWli' 3 MK^ift'J:^ PJi&ifinM /W-i- 

: -f xizmit'f'mmtrtimMz^^xzt % 3 vixn < yizm#,ntii<r>xm< , »j 



( 
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[0 2 5 9] H2 3tOi<?ilTV^EDX(7)fea*^. 

use-si ojBifiB:ftt:«/i^->f xntfLRff&z OKf 
f>fc as^cojfi l vfiSfc P ATO *) ii* *lT V >S £ fc A**>A- 

[0 2 6 0] .rixiO. /MvWMftSfifcPUt^- 
i y \>Sfrt>mti2ivc & X \ >S c k . * Jt . 

[026 1 ] }¥&M> <)^> .\-.'\<r>>'>-y> fiz.fi T& 
9Mb Z<m.<r)T-->V!mX'V Y-TftMLi' 1 ) 3 > 
K1-A<0HSG- S i oMJ^L^fe*, WTW^ 
tfthfr-ytz* 

[ 0 2 6 2 3 y 'J 3 > KiHJ P F-T^Jaftv 'i 3 > £ 

y'ja /JSC Tco-74" TV-i- a > Wi. R^)S^iS*^> 

P JK-f-aWKftt 6 Jafi5**t k . 
[0 2 6 3] UctfoT, /> •H-7^fffifts/ !J3>i. 
fcH SG- S i ( 2 . 3 [ e V] ) 1h%&C0ifi 

«E«r»*4"*iSttflyt*iWf 2 . 9 I e V | jiA* < S?. 
ioT. PcOjRIfe'/iiiV^TJirn-txSJ^t'P 

*>'ot. ISSifl«0PWj8)S^««'r&-k* £ *^T-?> 

[0264] Ilk, P K-T JMfcfty D 3 ViAOSttfi 

A>k& 

[ 0 2 6 5 ] UK >-5>-^XJHItka»T.--/WMI 
SrMI^ & - k WWHWIRfcT* S - k fri^S . 
[0 266] i-f. >IO^it5-B!l>Tfio^Si(7)^ 

*wfw*^6. *mM&n*ti+t p K-r^MWi 

^'.inyRSrJMWfcLfcy'J 3 > MLtlziftM itz „ P 
K--r*ftf[y , Jn>'(i. 5 l 0 PC] T-y>-7>#x 
b I'll:) >T L P C V DikX'Bf&l tZo 

[0 2 6 7] ZCW v-m&ni') -j >®t IX . P 

<7)jRl£A* 3 X l O 20 |a t, o rn s /v. m 3 I , Alt/ 5 X 
l [ a Loms /cm 3 ] ORSrffll^. .I<7)#ffi 

ft i' 3 . SR**tf KlMt U>x ••/ + > ?lzX 
[0268] katfc P F-r#,l!,Ux 'J 3 ;<-0f$j£3 
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*lfc->x/V&56 0 PCI tthffilLttBBLPCVDff* 
tSALit. Z.<r>%S.\i. &£o- Hoy 7 I 
TUSfcrtfc, v ■;3>©fe^ifi)* r S!-(t^til)-k'ir 
< . biSibf- \ X-mAX'$ I . 

[ o 2 6 9 ] ifc . Ksb-f-v > xmmn^mi i < 1 

0 8 [ To r r J X'hl. Z\<?)+\> -T/v^iS 
& i f 3 0 ttfflffift L fcttfc . B£M 5 0 [ S 
CCM] <T>>v^iiX (2 0?iHe^) Sr^-v/^tC 
#AL 0. 006 [Torr]t-*SLit. 

io [0270] .r^)5!Lul(c r t *) . p F-T^maS/ 'J 3 y 
±WNJW>- 'J 3 . £ ^SJK 

W«^L^K«i^"5> ^X ( 2 0%He*R) «»tC 

[0 27 1 ] 01 £m\LXZ<nf£&£MW-r&. 
[0272] P Mil LfcSflC / > K-r# 

L/c*^T , m/Rls l ) 3 PAV > F-T^N 

20 jt«>-'j3>-i^)4'K:«art-£. z\0>®g.x-p\mn* 

tfStCtlZ k*\ W»LfcE DX^tS*J: 0*>A»i. 
[0273] LA'L. K:8tft* { 2 0 [ nm] W KftKfc 
ttV^y>tl. HSG-S i *JjfM?iiS^(ftH+igT'W 
P^jRSSrfiM-C'^ 4 . £ k^c POiBSw 
{S^ 1 > 1 O 20 I a t, oms./ cm 3 ] cr,mtHtX 0 

(c. PA'R^ffiiA'^etttla^fta^'CBatt&J: Sfcfc 

[0 274 ] ^(C3 > I O 20 [at oms./ c 
m 3 I . &t/5> 1 O 20 [ a t oms/cm 3 1 <7)R 

4 0 *HM»a*'l»T--/WHIStf ->fc fc S «7»»M«in 
*A J N2 7(C7i^ix-C»->|>„ 

[0275] mm£%*&?& k . P^jfU^/aV^P K— 

nmitfi^m HzWiSZBtlrt &fzMzli . i- -7 > 

[0276] ziHi. W&LtiXltzMMlisVziyi 
)SftL. R«iiiV)P^)«JS?:«T3*50t:lfA«S-)e 

-7 y //X^)t]-Sf*aA J flt< *-»T V^C k i. Wk #i. 

[0277] \mitz£?l,zi y>#x<WfflX'ii. P 
H - -/VMiny '> 3 / I -.(=MAaHi» MStflWS £ k 

H- '-v 'J 3> htCbgMr^CfcT-. IS/iB<7)P^«lg 
A>* K// 1) . cfU;,t 0 Pim#mii , t>K*t& . 
[0278] Zcr>Ui%^ £W&x*/Mrfc:J: •) x'J 3> 
ft?; f * ? ^[fii$r v < -y a / L . Btt l , i l iuKA J R*lfii^ 
r )0 IfJrit 5 tlh X 0 (,Z% h . £ ^UMbtttC . 7{/l/-yg 
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CDT'*>£. 

[0 2 7 9] UrA^T. >7>^'X!SW$rffl>->l»Tn 

. *BB«*ittsn't & c: t . 

[0 280] ^7>*'XKJJtrn-bX?r^fSltt 
L 't?ftmjU*A ; ft< £-?T \,\h Z t tfbfr 

[02811 7--/HIIWrtt5$Hlfc1fte, «**8HW 
-f £ i t T\ ft 4 X«)Jtl8WA-& v WS&WWSfti 
fcftt. ?**i!Hin*#ffi«l3:v>. SHUiifoaSHS*)* 
iBBST'*^*.. 

[0282] (mmmmzm) itm ±.iz± 
sr.- -a «us.£ifcft -r 1 t. «ifift«uWRx*/i.-^t 

J:9»M£ft&^itrwm*:. Zrttiibiz. XV 4 v 

fflH£)l¥ifc*S F iilov >T . 
[0283] fi^l tfftS I-' H-7*ftft^y 
:i> (P : 3 X 1 O 20 [at orris / <: in 3 

i- 'JnXi. 510 fC| X' : s7>tfZkPH3 il'Xb 
£fT|v>T L PC V D&TJFM Uj„ 
[0284] Z^NMHy- 'J 3 > §|Ji. mimi/RHM. 

zmzi&i. mmmemmLiw*: *rh f 
TK:-A Lfc. Ji£ Lfc p F-r-Jh^K^ u 3 ytfJrMS 
n^^x^iSr56 0 pel £MKLfd£0LPCVD#' 

[0285] ^iggti. l-5n- Fn y ^«8«5rfl"L 
TV i- 'J :i >m&r£lfri*'TM:£ix& - i: & 

< , Kjoft y>'^ t*<* at £ s . a * , ££4- * w < 

0>Ji|j4&5J»i lxlO'MTorrl T'fcS,. 

■v > ArtT'^ x.AflJ£tf£%-?& iT3 OftlSl&ft 

f£lc. i£ft5 0 I SCCM ] 0)-, ?ytfX ( 2 0%IIo 

«ti) #X^fi-^<t*AL. 0. 0 06 [Tor 

r ] T'4 0i>^|^5-tr-:'^, 

[0286] ^^)«iUl^J: 0 . P K-rtfttfly 

htJHWy '.J 3 ^RAWKWUEWS *i£ . &Ki£& 

[0287] .2.7) *.»S7^-/H(Sfl!* 5ft. 10 ft . 2 
OWnWiTfti'^CRliS: 1 fttSl^Al 
(0. 0 1 [Torr] ) . ftfA ffi$r::-;^4 0 
ft. 3 5ft. 2 5ft|}H-ft^i^ir$fKc*rLTttL*:. 



2 f)*£3^>'E3 2 8 (Cip £ilT V i& . 
[0288] HHS:#!S-t4f:. 5 tiW>i&LT--A,- 

fcJtft (PIE3 (a) ) tctt, 7U4>cr)®mm<. X 
V4W4 XWX% <toXV*hZt tffrfr 4 . i . 
1 0ftBg«0SSr--/M*fcBe*Sr*ALW^3 5ft|S| 

U'2f^c^roTV^^tA>'i)A>4. ?^>t. 2 0ft^* 

ass^i@an(cffv\ y\-4s(F>+r4x\i>vz<toxv^ 

[0 289] ^fc. MI£LX:H27(CU. HM»3IS]*<£ 

■eii-f fx 2 S * { . -7 > ^xsawSHcittir 

n-AJSl LTV \h t<7)T'*)0, H»«±T--^l^ttf* 
5 ftTIR 5 OXtttBSC J: -6**88Stttro 1zWC*> 
20 £. 

[0290] m.^c fc imz o taiiis- jart»^. 

[0291] #,faM v U 3 > > 7 > ^XRJWTJBJR 
L^MUt>- -'J 3>?r 0MT--)Vfmi hZ tX\ St 

ii, r-~**SH«flWiitff->-c«i4. 

[0 29 2] Ud/oT. Sf*5r#AL^^. R^cifli 
TO> 'JnyfS-fWf 7l--i/ayiWfflZtl&. X 
oT . ffi^^BBW Lfc*jftT««^Ma6 f ik* 5 1 *i ^ 
30 tl&. 

[0 29 3] Mz. ?\>AV<F>\8.lk1 l Z'>\\X%Lk. 

[0294 ] Zcr&MvymizX ->t > U n yjg?<7)v 
-Y /i- 3 vl)^±\ l zm\Zix&<r>X'hix\f7V4 > 
wi£]*t,jBc^>^v^Ti)4. . mmmmzr 
--iiimzmz t x-mmizvi 4 >it&& lx v >4 

[0 295] ZcnWftUz^X .M29 SrlMHLTiHW 

[0296] «**M»Lfc»M!iT\ #ARv 'J 3 
40 /iiHt±|fifl:S<l&. LA'L. ^^BEWiffiTJSO. it 

U-i- h v 'J 3 > f-<dff^J-6 tcoco N v -f ^ 
V- is >-1"4 >- ') 3 i'<ojftWMJ±«bH-& . 
[0297] J; it, RJcflS'CWOteifttt^riWJBO t 

[0 298] LA'L. 6&» T MhW^J?t:^Tl>^ 

r « h . * lx . &uri- z>iz{fw mttH&^imH^mm^ 



(20) JffiSPPB -3 0664 6 

37 38 

4. hh^ttfhfrh. ia»u iiaL^iTt, siiu 

KoWiflT^^y3>'jj(^4iRt&»>^*ilillW s > 'J 3> k&S. 8£-»T. SiHt #XMttWW$jfc 

(WiHt-ft. attSflo**«)Sg-ts. -ixtcj:'), yi> ym^^nummmt&z^xv^zttfbfr 

[0300] ( £ 6 ) 3S4 cO^B®T'(i . Tftitff , KtSfi't SJWi^T . tt&fl: L T L i 

PA*»Bt»-f&.r tx-wvtm-ci> v^ym-tfu? o'gx-hh* ssh ( £im >£*%£«i, 

<r k Stf^. i <0C k fct, 'J >* f IK^iit^t LA«i [ 0 3 0 4 ] * i T% ISTfctt, S i H 4 REimnUW 

dope d#AfT> 'J n > RoJifflfctf-fift >• U 3 > [0305] S i iu ^«B8W^BIfc:tfcff-iir^ffl« 

flg£t#.«L HSG s i«r»jfc<-&;fri£fc:oi,vtaK5 > -y nyjWfflJWfcJBJSSft-SSrt**. fcfc'l , :o 

co||it^ffiT'jfi<t. ;^aJffl^5;tt, yy« aiRWfctffilfcRtts i H4 (20%hc«H)«'x 

g^ttfrtf-f, *«£HSG-S i &&&t&Zktf-*J mX'tSMlX^&tzMZ, fcfcllTOEHlfc-fri&V*? 

[o3on jartii. #ffifc»^MMiS'y=»>-S:i > *W£Lfc#**> -yn>-ii4»oy 

[0302] W^JS^ltifr'-fi'-f S P-doped #4?, 4 h > LVf V >. SiHt S 

I'Mioperi^Sy'ja/liS 1 0 PC] X'S i H -y 3 >'«Lt> 'J -?AlfcWft£S 

4 tfXfcPHa #XJfflirC[.PCVI)jlrCMLfc. fis. ;«^{±. W^MHt^ y 3> K£ 'J > K-7 

ZCOP - <1 o p e dINMti' 'J 3 > Kk L T - 'J > ifilS Jfiftfly 'J 3 > VfittftSl A*8ftk ll&W tTt>h. 

*«1 :< 1 O 20 I atoms/ cm 3 ] fctt^lBS-Jtftl Lrt'L 'J n > ^jSM-f&BftSteftK LTH~> 

xv + y^zX*) YLtz. Z<r>\^ RCAjfc £L£#Affs' 'J n> cofUi&l OM-f-MA^ 1 
?>5rifeL «a^ffi^e^flJB*ftRHF*JS?|iTM! 30 J3lTk ^ ± o$:tt!BaWC& 4. HSG-SiS» 

[T'l CM^L/irJB^l.PCVDJPH KLk^AS Z^Mtmitit h'&gtfhh* W^Mk' 7 

i^fcW:, i-y3>«|S/iffl3Mttfl:$*i4Clk'S:<. >lk»i. K#t$WKtc^SimiPH^^^ii4S:^«^ 

jSn-'SSti 1 > 1 0 « [To r r ] X'ht. Zcn-j-^V [ 0 3 0 6 ] M3 0TS i Hi K{ tfB.^/ 5 ^JS 5 tWi 

/<rtx-^x/N^3{^^i>4T' : Jo-a-isKsfJfLfca i ootsg-s i^wMs^<r>\i. Mhn^'i'-iy 

?S¥:50 I SCCM | i II 4 ( 2 0%He# ^^ft^-^o^fcftt. 1fift^ifiH4tf^(cLA» 

R) #ZZ+v> -A'tSIAL .. 0. 0 0 6 1 To r r I BS#**£i8;t 4 J: o^8USJi* 5 fEft L£*»->fcfc*>i:* 

t'tfURLfc. 40 x<3/x4., ifo. siiu mmm$2 0ftw&ix'® 

[0 30 3] ^["wmx-ii . y > F-^awv y j Jirr^. ^ 1 1% hsg si xn&.mm?&hii&u%. 

> Uz#M£ti&J$&lMis\) :»>KI?$rfl< L^k $<r> izi.X\ mffltt) i mi%®f£X-1&.%:ltit $i.t->ti&. 

H%i9sXi-mifHzs i H4 fficnmmm$:$:it$ [0 307] Hbnztire*. s i fn ««TOfn]5r»IW 

Tf-ZtzMz. S i H4 ^XjSWfivO f«1t^ X&WISW ^4. Ci«Atttt. T--^f*t(R*^««Ul*f *<v ^, 

otc^t, M ( a ) Uis i iu «WML, N ( b ) u ifc. *fii£*nKvfclftftfcli. «*<o(R)7-m«a 

ti5ih«S!Ws M ( c ) tc(J 1 0 'M, M ( d ) izli A ^i^Ik^k*a^^l : 5:^\ 

0»«iM^J*t. ^it.tO, HWiWHjWHviU [0308] N3 l fc:r.--/wsia*wa:LT, s i H 
k. hsg s i <r>m®t£tfVk\ >Z k tfbfrh . r >0 4 iflHttlWfcfcfcJHtfcfc S^)»Wt»i«t*Lfc. / 



(2 1) 



flfNH-ffi 3 0 6 6 4 6 
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4 0 



im > ammtm tziztt-ox. ix^tz. 

btfbfrt. 03 lco£&m%WH±. 02 7<O«|6KC 
feStt. 3iftJK?> 'J > H-r# u B uB> U 3 >1/\<7)H s 
y±(c# B H u f?> 'J n > am Lfc«^ttt, *« Lfcv 

(i. A«J^O V > K 2 0 y 'J n > JR-T A J v4 — > h 
>'LH<lr->. >- >)3>M-ftf\'47\,-i>it>X'Z&ft 

mutt it. SiftKtuy^H-rsii 

x\,*hKw%&vt>v -i > mfimmx-izmiktiffsi 
[0 3 09] (H7«l)»:i:^«!^ti"/ 

?;<*<J (DRAM) (C*%BB*afflLfc«J*to§a 
W-&„ 03 3U*?>To*x<oiSBrffi0 

[0310] -M'. 03 2 ( a ) fcvr*-J: it. 
-ija V**'* 2 0tS#?WU7 'FKflJ(3 2 1 
£JB)£U DliAM-fert Vvs>X9<rr&Vi' 
<)ziyy~h3 23 (V-Httfct^rS) JSTOtl 
Srfe. 0ifiT'»i. ".'WDRAMW^iW) 
V- h- 3 2 3 h ftlftlR 3 2 5£ftlX BAZtlX 

to, 7-f-A-FiMUR3 2 1 iizimco-twy-h 

2 3 fe J:tf 7 < —A KSHUR ?2 1tV^tlTNfi 
(fl^Fttfc ( 'J > ^t*) 3 2 0«t"ta*iKWt:«*A 

AWMB.t&3 2 2iMliLiStl1>. >'ln>Btft 
W$Xuv&.ll?/XW)s ftfi<r>> U 3>&flJ83 2 

[0^1 1 ] mz . 03 2 ( b ) iZ^i X iC, t' •/ F 
&-jy?'/h ;J:-/l 3 2 9 3 2 4 t^hJt^fLT 

;-9^-L'nco«;apat53 2 2w-3to 1 Jsa , .3*U>. .ico 

n ? 3 2 9<i *ttt*a&<7>;K>J > U 3 > 3 

3 0tlf.*^^ix. 3 7.*r> K<7)i-) 
&£IU&4tlfe- 'JIM FW 3 3 1 tftf'J > 'J n >1 3 3 
OtffllfcLTJIWSixS. *»< LTh' y F8T3 3 5#Jg 

[0 3 1 2]mz. [A3 2 (<:)^t5(;:. i 'Jn>&S? 
(UR^Ifetf IRA^tfo't.: *M 3#rC PA ^*ft*4JH 3 4 0 tf 

f&r&zix, * a- 9 -1 y * ? \ *->i 3 4 1 immb 

IZ&tfLZilh., ZJ^y9 7 3 4 1 frW.SVCte 

WR'i 4 Opiate 'J y K-r^Hfctti/ij nyJUA'JB 
bS. 3 ft . aHKW^Ms * 3 tiX * a- / \> 9 0 x h L - 1 r H ! 



[0313] d<0f*. E33 3 ( a ) tijcf J: 9 1. fttt 
L 7t55 4 XttflS 6 ^il^JB t« o T ^^Aff 5/ 'J n > 
3 4 5 co^ifljcr. flMK^L)S^I^*L T »«Mt I - 
> 5 > tfz<rmi£X *)*mzM\>*s> F-rc7)# u a uK 

>i IX . -1i«UtXJi«4>c«o>- 'J n > <n?\> 4 >&&kt 
0. ««Ji34 5^ffl^Dfl£bt LT. #AH> 'J3y 
ClSXh U-i^WI 3 5 0 £&fct& . 
[0314] <Kt, 033 ( b ) fciStf-J: t (C. 

10 r^piwi'i:mu¥.LT#xhi.-y^».3 5o hn» 
fifl:>-»J 3 >RS-*tr^*«!3 6 0 s-m-^-s. z\<r> 
t semmtj: 0 . &m& 3 5 o«»> n > / 
i- > ■trts*>^ u > * { tetirts . ttz* >urj>iEffi 

XJl^MHtS' 'J r? > (C i 0 -b^TI, - F®*« 3 7 0// 

[0315] (mHcvwmm) M3 4i,ii'\)y9'?4 
sew i mx* ix *asmtw*t& . 

20 [ 0 3 1 6 ] 03 2 ( a ) - ( c ) Kfto'C . ttttK3 
4 0 C4f a- 9n>99 F 3 4 1 ?r Jgf£ L 
f*. 'J > K-T*«MMt> 'J ^ > 3 4 1 ^ *¥. 

d<0tt*. 034 (a ) (7)2 #^A-A'i, 
9 F*-H-3 4 1 £Wtb*cr)±Mm£®4 1 OSr-frta 
#Affi 'J ny«4 0 oiiWiSftS. 
[0317] JKOtt. ^ffl(C 'J > 'J 
ym^ z r^> •> F L , »»«4 1 0C0 F^ftA^ajI S 
30 2 fx -v +7 i -/ ? 1 -6 . -f-LT. «y*«? 4 10$: 

^.^tt^.t 0. 03 4 (b) «-^rA-/^ 
^^i- m yfMm> U n>-W4 5 OiM?^. 
[0 3 18] ;<0tt. $30%lfc**S£ff'>T. «->'J 
:j y « 4 5 0 W^iHJ- 7 'J -- > 7 L . y7 >ifX0M 

mz.t mtmfjif w > K-r^N*ni' 'J a ys-r*" 

|fti*>Wifc StlflS/V > y> 'J ^ >'1gft^4 6 0 A\ 0 
3 4 (rlOiiCM?^. 1^ 033 (b) 

40 U-F'.Utt«4 8 0$rr*K-t&, 

[0 3 1 9] *>< LT. 'F?l>i'i^lfii«$:t>"T^«|fi 
*^ ^ D K A M *i'tSi(ft ? . 
[0320] (SS9<7)33yf*®> g 5 »2^'J4j5fe^®t>:^^ 
T . JNbHS 'JrJ»H^mL . 4c*^*^i- -'Jn 
t lfifV*> S v ^iWt-r & >y x SrfSWt s ^ t -c^ 
B4!ffllk?ilti/ 'J :» i k 5rJKi9IL 

.1 CO v 'J r? > m f S R A M Ofl#lll h 7 > i-'X 9 

S. 03 5 - 03 7»i-eco-/n-tXffi[fiiWf)S. 
r >0 [ 0 3 2 1 ] i-r. p "Hi/ 'J n «te5 o 1 MM&iit 



( 

4 i 

5 0 [TC] T««Mt*tflr^-biWUH5 0 3*JB*L 
tz . y-h mim<nrli'£<?H>imz ,A' 7 7r-H7 yi8 
£ffl<, >fc -7x -y h x y y^fc: J: 0 , U S-'x h vx 7 
£mxzi>99 H15 04 SrlSWLL*:. Ift^ny 

£4*7) * - > <-x ••/ -r > y J: 0 c: ti t> co n > 9 9 v fL 

tC N ^rfiiMLPC VI)i£{C,t Din-situ P d 
o P odyij3>15:620 [T] T-«tf8L . N?2<0£ 
tofts' 'J ayRSrJBJfcl*:. MUTXA- 7 ^'J yyi££ 
i^yn^ y')^ KRSrtffltL-fc. .Tii^fS 
JgBlfi , P >'x b £ •? x 9 k Lti H 9 4 x -y f - > y«ui 

£<, y-bmfe5 0 5{i N xix^tLa> 99 hil5 0 4 

f£ 5 0 5 coftJBi: y- h BHfcJK 5 0 3tW-A—y. y 

R50 2fcy-hiEt650 5fcfc-?X?fcL!ttJlWH 
> HiA^fc: 4; 0 . Pf> 'J > *te 5 0 1 OifedBttt 

n vjmm 5 0 6 jwb*s*i t. «jr.9kJH 5 0 6 

^m-WMSmi. l 0 20 #>b 1 0 21 [a t o rn s / c m 

^)ffi«*0BHtt«l3 5 ( a ) fc*Lfc. 
[ 0 3 2 2 ] iJct . L P C V DmzX 0 . $f3]|fej*)g<7) 
^'yro&flJi^ 0 7$-$rififcJB)SU:. ^oBnfiPlT' 

0 6 fcit^ -l > ? 7 h ?L 5 0 8 £ Wx V vx ? 

yrmzx*). *Miz?yyz7-yi' , )*M vjsamm 

UtiWmti&tl. tm?> ?7 r?L5 0 8*1>LT 

bmm 5 0 & t«^?*tsititM8 509 mmzti& . 

[ 0 3 2 3 ] &(;: . l P c v D&m: <t 0 . ¥tfWr*tfii 
Sr^-S^tSJie^K (> 'J -jymttM) 5 1 3 5r*Bnt 
ttflli-5. Zcot £ffMM#ffim£m3 5(b) £*L 

[0324] tflS]J£J*Hg5 1 35:*>tfKJHI3Mfcl*JR5 0 
7 £• ttii LT , {-Jvfilllfe n > • y 7 r ft 5 0 4 <7)iff I . 
tf>fttt^y- h&fc 5 0 5 UiftS 3 V ? ? HI 5 1 4 
*>T*l£ S ft & . Z <r> -i >' 9 7 h Hit V V x h t: v A 7 1 

^«N$rN3 5 ( c ) t^Lfc. 
[0325] i- p c v Ditt J; *) . ^ifiitc^to^> u n 
>«SrJfH£L. -f i->iKAittc4;0 1 0 ls yK> 1 0 
"[atoms/cm 3 ] J) N fM^VHTf) & t H 
-rtfc (^'L. P¥.«WHrCtJ:v^) . ZJrm 
AUi ') 'J >mn >'XY*\'X7t IX K?U •/ +y 



2 2) tSMH i 8-3 0664 6 

4 2 

hfl.5 1 4^^-LT, -eiX-e-^.l:lily-'-h«*5 0 5(C 

. zot z m^mmim^ <> < a > <c>k 

[0 3 2t>] iJCtC, LPCVDi£fcJ:0, miti-'Jay 
^JKti, 80 0 [°CJ T'S i H4 fcN 2 OT7*X5:jg^L 

k l x mix 1 1& . ^Msmrnxn > va>n 

[0327] itia3>^7 h?L5 1 4«0fi/.S(cHa 
U3l!$-^"-t ^. 9 * h\y >'X t-m 5 2 9 7 IZ I X y 

- hie^lK 5 2 35 5l*tt K 5 4 X y L , ^*l-f 
tiy-h%&5 2 1 fc3> NfL524A^«^n 

20 ML 5 1 4 <0WB»» 9 h 5 2 1 ^^ifii 

[0 3 28] ^, Z\tlt><r>?y99Y{l'i2-\ZBtftf- 

za.-t-fyrt LT«, "S/i1tx^-f-y^i«F4 L <3r 
tL, ^1tx.yf->/-c^ii^c7)ny^^htl5 

> 99 hUX'iiy-Y-m&.S 2 I WrUtX-'MI-ffifttf 
1- L . m:HX"iro ^to H Q n> 'J n >Ikox y 
RS?: kt^&. 4t*c. y-Mg{*5 2 1 S-flWtt 
30 l,Wfli:LT«. *teffi>-y3y«W»±Lv». -ii<5 
v-'-M£ffi5 2 1*<> HK, ;K'y-f 4 HRA&^ 

523k^nf>t //i&^tciadrt S & 1 k 

[0329] mz^ 1M9 * i-'X MK5 2 9 5: . T 

•y>y^tcj;9ifc/a.fc. -ewm. nea^ttr-jfc. ^ 
y99vn*>\\ <onaj»^i* a y- n'^* 521^ 

Hjjlit*iV>-C*A ; L**i«n6»o!ty- hfe^)R5 2 3fc 

40 nmity vmzk*)mt^z< u^x. lpcvds 

lz,l V^MtzfttiMi/ <) r? y&£ 5 5 0 [ "C ] X'B&t 

zcry)tehuy , )'-iym<r)m®mm££i!&) i \ > i 

o t: [ To r r ] £-fir*-*AA?£rvDi!R£Jijvvttr 

iififc. d^jaaiKfefUd. SS200 i <• <• m i n i 

<7)> (2 0'«H««R) />'x5r^-v>'<(^AL, 
0 . 1 I T o r r ] f 1 5 I n m J <7>mWM <r tf -> . 

acWtW*^ r-rikH^pt**^* l [Tor 
r I cr>K.))Tmkltz. :«St6 0 0 [ ci ix-Jdu 
r )0 »L. 3»$|!i|c?)rx-/HWi5iisLt. ^^SWUd: 



(23) 



tSBHFS - 3 0 6 6 4 6 



4 3 

0 . / M > *>'A £ < ^ M >v \> y U w^Kflri, > ^tS^ B 
v 'J 3 >-K*q»*T* fc . tt«tf>fcrt>fc: . 5rc£ 

-Mfc*<. >->)3>mHtb&&r-->i-!mi*i 
miz n 5/wairra & a s £ 4 * > &a c a o #a l 

fc. dMc**). 'RttMRKtfl 0 ,6 A>*>1 O 18 Lat 
oms/c:m 3 I firJS<ONffi$l&R,> 'J 3 
-^mf H > 'J 3 > WJ"'<9-->rZtl. 'J 
3>JgA?-> 5 3 ljWBjftSfi*. «rii£>05£iSift>- 
•Jn>-R/^-> 5 3 Hi. Z1x?tl3>97h-{15 2 

3>??bfL52 4 limh m&i> U 3 > R><* -> 
5 3 i<o.i--A-7-yrv->*><i*>i 9A£<'C£ 
•f. g^O. 2 [//ml fU£T'*>*. ZOtzib. iiififc?) 
i-jfc. 3>?? h?L5 24^«*t«. A'./7r-H 

«rfe«rk». JKLT6J3 6 (b) 
[0330] »:{C^<fct,y-h*ffi5 2 1 £*3SS 
ftcr>%&&> i) 3 >flpt*-V 5 3 1 fc y- hfgffi 5 2 

i £?s t aMh^tsay 'J 3 5 3 1 t *^ 

fcfifc 7 * hi- > x Fig 5 3 9 £ 7 (c I X #n > co 
4*>'ftA£Jtl.fc. -liUciO. ma>'J3>«jM- 

y-> ^ 3 1 ta. F5a£»««i5 4 6*«msii.» y 

**A-«WI5 3 1 **»a3*i4. PSK»fi»«5 1 6C> 
4-tfe!fti6Si£«±. 1 0 18 A^> I O 20 [ a t. oma/v. 
m ;i I fiJTCAS. tfffcPMcOFH yfBWCftSPS 
KSStifl^ 5 4 6 1 0 2 1 [atons/c 

m' ] fttft&fc. Cil^^^^'ft^JflPy^^lT 

[0 3 3 L ] JrJii7* bWyXhRS 3 9#>TSfcA£;ftA: 

ft. v-ffl^«£w-f&sfa*&g*i5 5 3*^Mtr^ 

L/c . &(;:. N rtmfflR 5 0 6 & t' shay ?7 

«k o ima t . &v >t . n maiui 5 0 6 izim zti& 

SJlfitt'-y h*8 5 5 9£Sl£lfc. .ItOfc J«f/<>( 
xBiifiiNI$r[343 7t^L^ t . 

[0 3 32] JJL1^)**-C»lfi L tzT P T*>«tt«:it« 

l/c. ccott*. ^ B ^ oa>mc'mwMmzAim 
>$Aixr--n LfciRS-iflt »fc M-T F Ttoo 

WALfcfr*>'5 l%JR«««h6WrSfc. -/tct 

i f ') C fc tfs&WjT'*, S d fc , C coRPrf) fc L 

T . *' feSST'lftm LfcJHMI >- 'J n i '«SJ'if* J 1 5 [ n 

mi fi«t*»t«v»fcftt. y-btmrnt^mz 
mtwrnt it t . * a- r cot fif< nifewiifc t 



4 4 



[0333] *5at»«TJ±. 'J 3 >^(7)Jtffi 

J:0TFT^4$ttS(»«4ia-C»^. fc>JfL . :«TK 

hi£Ti>fti&x-£tz. jhswv'j 3>^*»iat** 

$r^ALT» CcO*H««t'T-4 5 0 LTJ gSiTBi 
L. # i J:0'>x^tASW»(dROaj-t. -^Am*S(c 

>»J$:6 0 0 [XT] <0«H*3?WS.i»l't'r^-;l-««lL. 
io ^ H t Mk^^-6c:fct'^teH E H ^ , >i3>K$:^L^. ;o 

RSrW^fcT FTWO Nte^A\ *X£«ALfr6»»fc 
^1 8^fcv^fttf=Srte** J #^n/:. OF 
F«oS^fcl>Tt>4cS-5:*AL/:^5 [%] ftiSW« 
'J^WIBf&fc. ^i-aO^faWi- 'J3><?:)Jt«[iIftco 
KS^ft: t> A«^A5: ') Z t tffflmZ'h hZ\t tfh 
fr->tz, -i^)_t^Jl^fcLTJ±. > <)3>®$itia<r>V-m 

[0334] AI5ife^®t-{i. T F TffiV- btsxi/y 

20 l"i>m<ni> , J3>^?rfM-t&^^r<??SRAM'\<7) 

• fu f >ffl<o>un Lfcat. y-btm 

co/cV> . A^SfeffMT'^ Itzi/ '.) 3 >R^)lt«*W 
T F T<7>#tt.|6] Ktfi -atfflfl-t S« -rr-A4 . 
[03 35] (t?51 0(^MU@SI) SS9^ISB«fc»I 
a'Ht*ja<7)SRAM£af£Lfc. ^'L . Hy+^/P 
30 T F Tc7)-7- ^ *;HH«tttWi-S > 'J :i >'IR<0»|&A1fc 

[0336] L P C V Dmz£ 0 ■ZmizMh'ni/ 'J 3 > 
^5:5 50 PC] T'fMtS. "J 3>^C0 

Ji*tiS4}ia;^**'l :< 1 0 8 [To r r J *-fftl>£j 

00 [ c c./'m i n ] (T)uyy ( 2 0%HeV&tI) 
fc-^vXfcUIAl. 0. 1 [Tor r ] T'l 5 I n 
m | <7)#^ff^ijr/>*{Jtffi$il&^fcL!t. 

40 at J: 0 ■MUU-.CftJMtS' 'J 3 >'MttSt^ . mz 
HtmW (th t NKSftN H:< *'X$r I [TorrJiT) 
EATHALfc. :wRtT6 0 0 LCI iX'MftL. 
3^fracor--;l«ra^*feL/:. ifc, NH:, *'X2rS 

1 H 4 ^fXf)ffihtt. 6 00 Lie | iX'W*c?l>Wn2 

obmtzvmxi. 600 [-ci -civmnfiftr-- 
)iim^i-imtm\irz, 

[03 37] K*>t ) a)}j&£)\\\ l \X t . Aii)V)W^ ^ 
fe,ai' l i3: KWT'Jfc. itftcntzMZ. Nib 

*< . 3 ymmtmrr .,-;hmi 



( 

4 5 

•J 3 y R(c N ffitfttflre* 4As^U> ifcAfc J: 0 31 
Alfc. cnti 0- :<MttM6#a<l 0>«*»6 1 0 
is [atoms/cm 3 ] filgcON3>£*fi B B B > U 3 >R 

A>V ZBtfiltz. 
[0338] I -fc y ' U ^ > k vfc 

OtMAttlC Nils tfXtmh I T L fcJRfc ffl 
V^P-^A'*/lTFTCDON®4#\ NH 3 ^^AL^ 

fc*t£<o i o fgt v ^ t>fttz . i 

[%] fDs<o«^*qiigT-#fc. -ixj; wum> U 3 

y^««Kt^)T--/m('NH3 «A£fo Z t im 
SUtlVk&ZtWbfrit:. tztzl. *JS*AKJt^ 
T. diJ#<0^^*v|^^*^7t. COflifcLT. Nil 

\ y *«li>Sn L fztzih ttxtiiS. 

[0339] 3|cgat««-cii . mM> y 3 > wnm 

Zixizi. OTP T tftfMtdM* *«*»-C £ fc . tztzl , Z 
oy\ f T!fttt<9fifKi . iJct^l" t f i m> ') n > Rco 

m\&)i&X'i>m2x-$ i . y 3 > wurmfia^ 

NHs 5r**AtT. ^^#MM4't'4 5 0 [*C] 
t-BSL. ^J9^-T.'N£AM4'Kro9art-. NHa X?' 
XKHteSrig-fC t (c.t 0 . 1 [ nm I ¥2 

o [*c i co^*^Wivt'T-r---H5!Uf.L, ttiiMfcStf 

&dfct-^tg B 1i> 'J r?>RfcJBiftlfc. Z<rm&m\\tz 
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